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September 11, 1975

>

Dr. Donald S Fredrickson
Director %
National Institutes of Health

9000 Rockville Pike T N e
Bethesda, Maryland‘20014 o

Dear Dr. Fredrickson:

I am pleased to present to the National Institutes of Health
the report of the Committee on a Study of the Impact of NIH Training
Programs on the Career Patterns of Bioscientists. ‘The study was re-
quested in a letier of May 10, 1971 tQ me from Dr. Thomas J. Kennedy,

Jr., Associzié Director for Program Planning and Evaluation, and was
supported under Contract PH 43-64-44, Task Order 60 with the National
Institutes of Health. -/ : ' :
Two principal tasks werelundertakenfin this study: the assem-
-~ bling of relevant career data about individual NIH trainees and fel-
! lows from the inception of the training activities in 1938 to the
present and the analysis of these data to determine ocutcomes of -
- training. 1In regard to the first, the NIH request urged that exis-
ting data sources be used rather than special questionnaire surveys.
. A great deal of effort was devoted to tliis task by.the ‘Committee //f}'
and its staff. Thanks to their work.a computerized Roster of NIH
Trainees and Fellows, containing some 94,000 individual records, was
created to be used during the study and later for administrative pur-
poses, by the NIH. The analysis included collation of this roster
with such other sources as the Doctorate Records File, the National
" Registers of Scientific and Technical Personnel, and the Science
Citation Index. 'Whenever possible, comparisons were made with other
groups of predoctoral or postdoctoral trainees or fellows not sup-
ported by NiH, but in a retrospective study of this kind it was not
. possible to develop completely comparable control groups. Neverthe-
" less, the Committee has examined.a number of important outcomes of
the training activities, as quantitatively as possible, and compared
them with the training goals, . . 4 :
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" Dr. Donald S. Fredrickéon
September 11, 1975
. Page Two

We hopé that the data and analyses pfesented here will be
helpful to the National Institutes of Health in its evaluatlon of
the tralnlng programs. '

Sincerely yours,

Philip Handler
P;esident
Enclosures (30)
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NOTICE:  The project which is the subject of this report was approved
by the Governing Board of the National Research Council, acting ;e be-
half of the National Academy 6f Sciences. Such approval reflects® the

Board's judgment -that the project is of national importance and appro-
.priate with respect.to both the purposes and resources of 'the National

Research Council.
The members of the committee selected to undertake this project and
prepare this report were chosen for recognized scholarly competence
and with due consideration for the balance of disciplines appropridte
to the project. Responsibility for the detailed aspects of this report
rests with that committee. ' ' 4 B
C. -
SN Each report issuing from a study committee of the'NationalﬂReéearch
s Council is reviewed by an independent group of qualified “individuals
according to procedures established and monitored by the Report Review
Committee of the National Academy of Sciences. Distribution of the
repbrt.is approved, by the President of the Academy, upon satisfactory

‘completion of the review process. , -

~ The work on which. this pﬁblication is based was performed pursuant to.
Contract No. PH43-64-44 with the National Institutes of Health of

the Department of Health, Education and Welfare.




PREFACE

The launching of the study repnrted here, concerning the research
-training programs of the National Institutes of Health, occurred just
one month prior to the announcement of phasing out of training-grant
support. However, there was a sense among members of the study committee
that it was imperative to continue this study and, to use this opportunity
to ascertain not only what had happened as a result of the training grants,
but to make an assessment of the training programs that might provide
useful guidance for future policy. Recent legislation has restored
training programs. The findings of this report may suggest ways for
“more effective utilization of such programs. '

. There was a constant concern among the members of the Committee
just exactly what our "task" was to be. We took seriously the charge to
determine 'the effect of NIH traineeship and fellowship programs on the
careers of bioscientists.'" We tried to make maximum use of the imperfect
measures available to determine the role of training grants ‘and fellow-—
ships in preparing and encouraging M.D.'s, graduate students, and post~
Ph.D.'s to enter into .and continue with biomedical research. But,"at the
same time, several.other broad policy issues had to be answered as™a
foundation of our.understanding of why the federal government should in
any way be involved in the training-grant program.

There seems to be a general acceptance, both by the bibscience
community and by the citizenry of these United States, that support for
biomedical research is a necessary and appropriate federal function.

Such support certainly falls within the Constitutional powers delegated

to the federal government. It is one of the most important ways in which -
‘'we can develop the human,- scientific, and technological resources to
improve the health of our citizens.

Once it 1s recognized that biomedical research is necessary and
appropriate, then it is clear that provision must be made to insure the
availability of a sufficient number of well-trained researchers.  This

involves formal and informal graduate and postdoctoral training and -
education to provide a high quality of research manpower to engage in _
these efforts. It 1s not universally accepted, however, that the federal
government has a role to play in such tra1n1ng.



. ’ \ e
. The education and training required'b§ a person who seeks to carry
out clinical investigations and basic scientific research on the frontiers
of medical knowledge is formidable. The researcher must complete not only
an undergraduate degree in one of the basic sciences, but also a graduate
N~ : Pprogram leading to the:M.D. or Ph.D. as well. Many of our professors on
medical school faculties have earned both degrees. Beyond the M.D. and
Ph.D!, the young-medical scientist must master the ever—increasing com-’
plexity of the equipment and instrumentation of the modern laboratory and
keep up with the rapidly advancing frontiers of knowledge. Further post-
doctoral training, uhder the supervision of teams of “senior scientists
or physicians in the specialized areas of interest, is desirable and
oftén mandatory. These years of graduate and postdoctoral education are
spent at considerable personal cost in loss of ‘income, yet great benefit
"accrues to society in the resultant research .and: feaching.
"Biomedical research must be’ responsive to the health.needs of the
society. It must constantly be aware-of the "state of the art" of deliver-
- ing health care. The ultimate goal of biomedical research is to alleviate
disease and improve the health of the people. Without research in the
basic sciences, there will be little improvement in the state of the art.
We are nowhere near understanding the fundamental basis of cancer, stroke,
and heart. dlsease, not to mention many other widespread killers and
cripplers of our society. Effective treatment or prevention of these
health problems is hampered by this lack of fundamental knéwledge.
If we accept these assumptions, many issues follow. The_report we
, ‘present seeks to address the immediate question of the impact of training
J ‘programs on career patterns, but at the same time tries to provide some
' insight into the impact of these programs on departments, institutions; °
"~ and national efforts in the education of blomedical sc1entists.
The Committee receiVed.help from many persons and organizationms.
. Solomon Schneyer, Director, Division of Program Analysis in the Office
of the Director, NIH, provided data and interpretation of NIH administra-~
tive policies in the training programs. Many members 'of the staff of the
Commission on Human Resources of the National Research Council were
helpful. Our special thanks go to Allen M. Singer "who served,as the!
principal staff officer for the study. His contributions were indism
pensable. Ingrid M. Wharton performed the difficult task of developing
and integrating the data bank. In additlon, George Boyce, Mary Campg-
nucci, Porter Coggeshall, Joseph Finan, Corazon Francisco, Lindsey
Harmon, and Norma Melendez provided excellent support .in the development
and analysis of data. To them, to such organizations as the Association
~of American Medical Colleges, and to the representatives of.many univer-
sities and medical schools who provided needed data go our sincere thanks.

July 14, 1975 . 8  Paul D. Saltman/
L ' Chairman /
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INTRODUCTION

A. . ORIGINS OF THE STUDY

This report was prepared by a committee of the National Research
Council -(NRC), administratively housed within the Commission on Human
Resources (formerly the Office of Scientific Personnel), in response to
a8 request from the National Institutes of Health (NIH) for assistance in
- determining the effeét of its traineeship and fellowship programs on the
careers of bioscientists. The request was accepted by the NRC on June 6,
1971. 1Included in the study were two principal tasks: (1) the prepara-
tion of a computerized roster containing relevant program information on
essentially all former trainees and fellows supported by the Institutes

of NIH back to the inception of the training programs in 1938 and (2)
the analysis.of these data and related data to determine the outcomes of
the training programs observable in the career patterns of bioscientists.

Although the ‘study committee was appointed late in 1971 and
guided the project throughout its existence, it and 'its staff were fully
“occupied at the beginning of the project by the requirements of the first
task. It was successfully completed and a comprehensive record concern-
ing over 94,000 trainees and-fellows now cxists, providing the basis not
only for the aralyses'reported here, but for administrative studies

under taken by the NIH. :

\ The study questions addressed by the Committee then guided the
* further activities. They include: : '

‘@ What have been the training support pétterns for NIH trainees
and fellows? How many students have been supported in each biomedical
field? For how long? At what point in their graduate careers?

v e What percentage of the NIH pre-Ph.D. trainees %nd fellows
ultimately attained the doctorate? How does the Ph.D. attainment rate
for NIH trainees and fellows compare with that of other graduate students?
- , , / !

‘e What 1s the baccalauréate-to-doctorate'time lapse of NIH
appointees? How does it compare with the time lapse of doctorate
recipients in the same fields without NIH support? ’ : .

t

1
20




¢ What are the post-training careers of NIH trainees and fellows?

'How productive are they?

. Is the mechanism of;aupport of graduate students (traineeships,
fellowships, research assistantships under research contracts, etc.)
a .significant factor in academic performance or post—training careers?

-Thesq'questions are tfﬁly formidable, and some of them—in a
retrospective study of this kind-—were unansyerable. In addition, the
Committee saw the necessity/ of obtaining a clear understanding of the
institutional setting within which those supported in these programs

~were trained and made arrangements to.visit or in other ways consult

with the directors of training programs. This was donme through a series

of site visit and.conference calls. : . . . . > ¢
= : - . . // . .

The present repﬁrt centains the results that the Committee regards

‘as well-founded on'thg available data and the experience of training

directors and trainees. Many other aspects of this problem of evaluation
arose during the Committee's deliberations, ‘were discussed, and—in some -
instances-—explored/in staff studies. Not all of the analysés undertaken
are reported here,’ however, because some proved inconclusive, and others,
while holding promise of ‘future utility, could not be completed within

. the presen;_study. Moreover, throughout the. report and especially in

Chapter 5, we have set forth some of the difficulties'which inevitably
beset a statistical analysis of data such as those available here.

/

ot
B. THE TRAINING PROGRAMS

' /,/ ) ' v ) .
The National Cancer Act of August 5, 1937, established the National

- ‘Cancer Institute within the Public Health Service and authorized it to

establish'training facilities and award fellowships to the "most brilliant
and promising research fellows from the U. S. or abroad" for the purpose

" of coﬁducting studies felating to the cause, .prevention, and methods of

diagnosis and treatment of cancer. In 1938, the first NCI fellowships
Were awarded to 17 individuals in such fields as biochemistry, physiology,
and genetics. During the 1940's and halfway through the 1950's, these
fellowship programs grew slowly but steadily, adding a few hundred new

. trainees each year and spreading out into most of the basic biological .

sciences and many of the clinical sciences. 1In 1948, the first NIH
training grants were awarded directly to institutions for the purpose of
strengthening their teaching capabilities. Two years later, in 1950,

stipends were first paid to the trainees by the institutions holding

the training grants. In 1956, the spurt of general scientific- activity in
this country led to a decade of rapid growth in the NIH and its training’
programs such that in 1965, 7,922 individuals entered these programs.
Since then, the number of entrants has declined each year except for
1969,. which had a slight increase over 1968. As of 1975 the programs

are continuing at funding levels considerably reduced from Previous years.
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L Late in 1972, a decision was made within the administration to phase
6ut the NIH training programs. No funds for new starts under the programs °
were included in the administration's budget request to Congress.for
fiscal year 1974. 1In 1973, the Department of Health, Education: and:.

" Welfare (HEW) inaugurated a postdoctoral fellowship program to be funded

at about $30 million annually. Then in 1974 Congress passed the National

" Research Service Award Actl amending previous training authorities and

establishing National Research Service Awards which require that trailnees
or fellows must meet 'a payback provision if they fail to pursue research
or teaching ‘activities for a period equal.to the number of months of

federal support- received. Physicians, dentists, nurses, or other health
care providers can satisfy their obligation under this Act by practicing

. in designated shortage areas for 20 months for each‘yeai of support

received.

~ Toward the end of che 1960's, the Executive Branch bf the govern-—
ment began to re—examine all federal programs for support for training.

The National Institutes of Health were ‘asked to perform extensive analyses

of their training programs and undertook a comprehensive program of data

) collection and analysis. The study reported on herein is part of that

analysis. (Since the National Institute ‘of Mental Health was not a com=

_. ponent of NIH in 1971, its training programs were excluded from the

study.)2

C. RESEARCH PLAN

The Committee devised a research plan for the study which con-
tained basically three elements, who, what, and how, defined as follows:

_ Who: The first kind of informétibn—needed was a description of
the trainee population.including their identification, academic back~
ground, and field of interest at the time of training. This basic task

\Y

Ithe Act also provided for the National Academy of Sciences to conduct a

" continuing study and report annually to the Secretary of HEW on the meed

for biomedical and behavioral research manpower. The first such report

was issued on June 11, 1975. See Personnel Needs and Training for Bio~

medical and Behavioral Research, National Academy of Sciences,
Washington, D. C., 1975. ‘

2The NIMH was established as part of NIH in 1949. In 1967 it was.
separated from NIH and made an independent- bureau within the Public
Health Service. 1n 1973 it was combined with other units of the PHS to
form the ‘Alcohol, Drug Abuse and Mental Health Administration (ADAMHA).

3
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was accomplished by the ‘establishment of the roster of former NIH trainees
-and fellows referred to above. .The raw data were obtained from the
automated files of NIH, augmented by data from the records of the various
Institutes. When completed, this roster contained comprehensive informa-~
tion about the population of trainees at the time they were in training.
Comparison groups of non-supported individuals and ‘those supported by
other fEderal.andbprivate fellowship programs . were obtained from . the .
National Science Foundation, the Office of Education, the Woodrow.Wilson
FOundation, the American Medical Association, and the Doctorate Records
File maintained by the Commission on Human Resources. . -

- What: Information about the subsequent careers. of the people in
the study was obtained primarily by utilizing existing data files such
as the National Register of .Scientific and Technical Personnel and
similar files providing career data. ‘The, principal mode bfroperatipn
wag to match the NIH Roster and the files of comparison groups, against
the career outcome files to develop aggregate statistics on cdreer .
.patterns and achievements. Only statistical results were sought, ' Indi-~ "
viduals were not identified in the resulting®tables, =~/ -

/
/

» Although difficultlproblems are encouhtereq‘in using this metho- -
dology, they are counterbalanced by'the fact. that a much larger group of
ﬁeople can be studied in this way at less cost and difficulty than by
means of a questionnaire survey of comparable size. Over 500,000 indi-
viduals from all files, including about 94,000 from NIH, were involved
in this study. o ' . o oL

. N . i
For purposes of this study, a "match" occurred when an individual
In one of the study groups was found in one of the outcome files, This «
"matching rate" varied depending on what facet of a career was being ana-
lyzed. wForfthose who attained the Ph.D., the\;ate was almost 100% because
the Doctorate Records File maintained by the Commission on Human Resources -
contains rather complete information on virtually all Ph.D.'s granted
by U. S. universities since 1920. TFor other facets of a career, the
<7 ..rate was limited by the amount of information available from other files,
Career informatior was dbtained on about 200,000 out of the 500,000
individuals in the study for an overall "matching rate" of about 40% in
this case. However many of the individuals in the study were recent
graduates who had not had time to establish a career pattern or to ‘be
included in the surveys.of professional bioscientists from which the
career pattern information was derived. For the older cohorts—those
- Whose B.A. was prior to 1960—the "matching rate" was about 60%.

It was not possible to obtain complete longitudinal data in this
8tudy (i.e., information on the same individuals at different time
Periods). What was done instead was to take a snapshot of the primary
work activity of a.large group of individuals during the 1968-70 time

4
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. perlod, group them by cohort, and then try to infer what thelr career

patterns were. Although some longitudinal data were available for the
Hlﬂésupported group from the NIH File of Trainees and Fellows which pro-
vided such information on this group during the time they were in training,
no career pattern information was -available in longitudinal form and so )
the snapshot technique was used. This snapshot technique provides at |
jeast information on what the mzmbers of the study group were doing

_during 1968-70. At most it gives a rough idea of their career patterms.

" How: The thifd kind of information needed was how the-tfaining

_ programs have affected the career patterns of trainees, and consequently

how effective the programs have been in accomplishing their goals. This
called for some method of analyzing the impact or the outcomes -of :the

. programs. One way in which one might imagine this could be done would

be to- compare the career patterns of the NIH-supported group with those
of a group of non-supported {ndividuals similar to the supported group
except, in the fact of noh-support. In an ideal experimental siguatioﬂ?
‘the individuals in the study would have been assigned at random to the

supported and non-supported groups. Then the Committee would have been

- more confident that any observed diffefgnces in career outcomes between
" the two groups were not due to differences in ability or other extraneous

factors. However, the Committee had no opportunity to construct such an-
experiment since it was faced with the task 9f‘a8§essing a program that °
had been operating for over 30 years. Available data had to be used,

"and it was necessary to recognize that the selectivity factor present

in-;hetsuppbrted group could account for at least a portion.of ‘any
obsetﬁéd differences in achievements between the groups. .

~

D. OTHER STUDIES

Site visits were conducted by the advisory committee at several
medical schools and universities/ with varying degrees of involvement
with NIH-supported training programs. .The purpose of these visits and
conferences was toelicit the views. of the faculty on the impact that

. the programs had had on the trainees, the departments, and the total
educational environment. - J \ _

A macroeconomic appréach to .the task of evaluation was also
undertaken. This consisted of the construction of regression equations
which related aggregate economic and demographic variables to graduate
enrollments and Ph.D. degrees in the biosciences and other fields. The
equations were developed empirically from an extensive set of data
gathered for the 1956-70 time period in an attempt to show how the flow
of students through the educational and training process has been
affected by government programs, -the market mechanism, and demographic
trends.

5 .
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E. ORGANIZATION OF THE REPORT

After’ a brief summary in Chapter l,,ﬁhe various mechanisms of

- support are discussed in Chapter 2. Chapter 3 describes that portion

of the!individual's career dealing with training and education.

lChapter.A deals with career outcomes and achievements. This

- part provides the primary follow-up data and analysis of career patterns.
‘Included in the analysis are Ph.D. attainment rates, place of employment

of former trainees, work activities, earnings profiles and estimates of
contributions made to research. :

The final chépter describes the study of economic and deﬁographic

'aggregates that resulted in the empirical model of the major. factors
~affecting enrollments and degrees in graduate education. The methodo-

logical details of this modeling procedure are described in Appendix B
along with the data used in the analysis. . - :

The report—as seems fitting in a study of this kind—does not
contain ?ecommendations for policy. The reader will find extensive
analyses here and—to the extent the data justify them—interpretations
of significance, but not recommendations. The Committee hopes, however,
that policymakers will find the results of the study helpful in deter-
mining what the programs studied have accomplished and thereby be aided

' in setting national policies in this area.

!



1.  SUMMARY AND PRINCIPAL FINDINGS

.. A. CHARACTERISTICS OF THE NIH TRAINING PROGRAM

The first task in this study was to collect data on all the
trainees and fellows who had been supported by the research training
program of the‘National Institutes of Health ‘since the training program
vbegan_in‘l938. Out . of this task was developed the NIH Roster of Trainees
and Fellows which provided the basic information necessary  to conduct
the follow-up study of these individuals. " Among other things, this file
enabled some details of the complete NIH-wide training programs to. -
emerge for the first time. . . t

.. e About 94,000 people were supported under these research training
programs between 1938 and 1972. Many. of these received their first award
as pre~-Ph.D.'s on training grants during the period of rapid ‘growth
in the 1960's. Beginning in 1958, the programs underwent a sharp ex~
pansion which lasted for about 10 years before leveling off. During
this time the training grant became the primary support mechanism.

¢ Just about half of all trainees and fellows began their training
in the basic biomedical sciences, the most heavily supported ones being
biochemistry, microbiology, and physiology. The clinical sciences were
next largest with about 30% of the trainees, and the balance was distri-
buted among other health-relatéd.fields, the physical sciences, and
-psychology. C

e Although NIH through:its various components, such as the Bureau
of Health Resources Development (now part of the Heidlth Resources »
Administration), has supported the education of medical, dental, and
other students in the health professions, the NIH training and fellowship -
programs have generally been directed to the support of training of
researchers. . It is important to make this distinction bedause the goals
" in each case are very different. Yet it is sometimes difficult to do so—"
clinical research requires clinical knowledge and experience. Support of
‘the health professionals generally is designed to encourage‘practitiongrs
in that area; the research training programs, to which this study is
confined, are désigned.primarily to support those interested inlresearch
and teaching careers. _ :

; 2 ()' -
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® These research training programs have provided support to
pre-M.D.'s and post-M.D.'s as well as pre~ and post-Ph.D.'s. About 40%
- of the full-time trainees .werd pre- or post-M.D.'s and 47% were pre- or
. post=Ph.Di's, with 13% unknown. Most of the pre-M.D.'s were part-time
v .. .=~ trainees'(less than eight consecutive months of support) who took their
' training in the summer between semesters irn medical school. The pre~M.D.
support was for training supplemental t%‘their medical education. -

.- ® Almost three~fourths of the people supported by NIH have started
U - on training grants, one-fourth on fellowships. ’

.® The proportion of graduate students in the biosciences supported
by -NIH reached a peak of 28% in 1964 and has gradually declined since
-then to about 18% in 1971. In the health professions, the 1967 peak of
'16Z has declined to about 10% in 1971. These proportions are estimated
from data compiled by, different sources using different definitions of

- fifelds and hence might be somewhat distorted by this lack of: uniformity.

A

- : \* @ The length of support Pxovided by NIH depends heavily on.the
- academic level of the trainee. Thoge who were seeking a Ph.D. received
- more support than others because of the long period of study required
to attain the Ph.D. The average length of NIH pre-Ph.D. .support was
- 22 months while for the post-Ph.D.'s it was about 16 months. Some
‘students have recelved both- pre~ and postdoctoral support, so that the
- average length of support per individual in full-time training has been
a little more than two years. About 7% of "the.appointees have received
four. or more years of support. C ‘

_ ® The total cost to NIH for a typical fellow whose first award
. occurred during 1966-70 was about” $8,200 for a pre=Ph.D. and about
- $11,000 for a post-Ph.D. These figures include the $tipend and depen~
~ dency allowances, which go to- the fellow, and allowances for tuition and
supplies, which go. to the institution. Increases in the amount of
- 'support have just about kept up with increases in the cost of university
.education. o ' -

® Pre-Ph.D. trainees began to receive support an average of 2%
years after the  B.A. Post-Ph.D. support typically began between one and
 'two years after the Ph.D. Post-M.D.'s received their first support
- generally after’ the residency, about 4} years beyond the M.D.

B. CAREER OUTCOMES

e In the biological'sciences, those individuals with predoctoral
traineeships or fellowéhips attained the Ph.D. more frequently and in
less time than those without such support. Differences in ability,

8
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however, may account for some of the differences in Ph.D. attainment
rates and in the shorter time lapse from B.A. to Ph.D.

e The pre-Ph.D. trainees supported by NIH in the bilosciences
between 1956 and 1965 had a Ph.D. attainment rate of ‘667 compared to
73% for the NSF trainees, 637 for the NDEA trainees, and 42% for the
non-supported group during the same period. NIH pre-Ph.D. fellows had -
an attainment rate of 91% in the blosciences compared to 89% for .the
NSF fellows and 697 for the Woodrow Wilson fellows.

e The attainment of the Ph.D. or M.D. degree is almost always a
requirement for a research .career in the biosciences. A commitment to
research, as manifested in the willingness to undertake a long per
training, even beyond the Ph.D. in some cases, is also a char@cteris
exhibited by many bioscientists. The data in this study show ) '
more education and training scientists have received, the more 1
nhey are to be engaged primarily in research activities, to be employe
by a university or professional school, and to have higher research
- productivity as measured by the number of publications and citations
in the world's scientific literature. These observations seem to result
from the interaction that takes place between the commitment to research
and the' training received, the one perhaps complementing the other. The
association between the level of education and training on the one hand
and the level of research activity on the other is a consistent one
which holds for M.D.'s as well as Ph.D.'s, and persists throughout most
stages of a career.

e In general, the M.D.'s who have received NIH support do not
1ist research as a primary work activity .as often as the NIH-supported
Ph.D.'s, but the M.D.'s tend to remain in research longer whereas the
Ph.D.'s tend to move more frequently into other activities, principally
teaching and administration. o N

o A little more than 70% of former NIH post-Ph.D.'s whose employ~ -
ment status was known listed research as their primary work activity
during 1968-70. Another 247% of this group listed teaching as the pri-
mary activity. This compares with non-NIH postdoctorals who were split
45% into research and 46% into teaching, and with Ph.D.'s without post—
doctoral support, of whom 417 were primarily in research and 36% were
primarily in teaching. '

e For M.D.'s attainment of the Ph.D. degrece is also an important
factor in career outcomes. Only 207% of the M.D.'s with NIH post-M.D.
support but no Ph.D. were engaged primarily in research in 1968-70,
whereas almost 50% of those with NIH post-M.D. suppert and the Ph.D.

were so engaged. . K
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. ® Over all years of experience and at almost all degree levels,
research and teaching were less highly paid-in 1970 than the alternative
work activities. of management, administration, or professional services
.to individuals. M.D.'s whose primary activity was research were paid
about 29% more than Ph.D.'s in resedrch and about 62% more in teaching.
However the total income differential between M.D,'s and Ph.D.'s is
probably greater than this because M.D.'s have more opportunity than

Ph.D.'s to supplement their salaries with incom/ from private practicé.

. @ Scientists who worked for educationgl institutions in 1970 were
paid considerably less than those who worked in private industry-or

government or were self-employed.

2

C. RELATING MANPOWER FLOWS IN GRADUATE EDUCATION
| TO ECONOMIC AND DEMOGRAPHIC FACTORS

The relationship between the training progréms_and the careers of bio-
" sclentists was investigated by means of two-basically different methodoloéies.

The first could be called a "micro" approach in which groups of individuals
.were studied and summarized with respect to their career outcomes. . The

- results discussed above emanated from this procedure. The second approach

.was a "macro" technique where aggregate data on enrollments, degrees,
population, federal funds for training and'research, salaries, and other
economic variables were studied in relation to one another for the 1956-70
period. Out of this analysis came the conclusion that while population
and economic growth can account for much of the increase in enrollments
and degrees that has occurred in higher educaeion;°federal3funds for
traineeships and fellowships have had a highly significant positive

 influence on’ the number of graduate students in relation to the number
of baccalaureates and on their distribution by field. '

o

The proportidn of total graduate enrollments that goes to the
-blosciences or the hysical sciences tends to follow the pattern set
by federal funds for training grants and fellowships in those fields
in preceding: years. The proportion of Ph.D.'s produced in these fields
also seems to react strongly to the behavior of federal student-aid
programs. The market mechanism as reflected in salary differentials
seems to have its greatest impact at the B.A. level. At the graduate
level, the physical sciences were found to be more’ affeéted than the
blosciences by salary differentials, a result which stems.perhaps
from the close relationship between careers in bioscience and medicine.
- Federal funds for research also tend to build up the pool of students

in graduate education in the bilological and physical sciences. The
pull of the market is reflected in medical school enrollments which
tend to draw down the pool of graduate students in the biological and
physical sciences. ‘ :

10
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These results have been collecfed into a set of mathematical
relationships which in effect constitute an empirically developed model

of the behavior of_gtaduate enrollments and Ph.D. production.
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2. MECHANISMS OF SUPPORT AND THEIR RELATIONSHIP
TO INDIVIDUALS SUPPORTED AND TO THE TRAINING INSTITUTIONS

‘It should be noted at the outset that certain important questions
cannot be answered on the basis of the information that was gathered in
the present study. These questions include the following.

1. What is 'the appropriate level for funding the training of
bioscientists by the federal government’

2. Is there some optimal mixture of forms of support? What
1s that mixture? :

3. What.is the net societal benefit to be derived from one
or another form of support in relation to the field of
inquiry chosen for support?

>

4. From the student's point of view, which of the possible
support mechanisms lead to the most efficient and effective
training’

" 5. What 1s the optimum allocation of federal funds for
research and training among . the various disciplines?

Questions such as these, and ones on related’ topics, are generally
outside the scope of this inquiry. .

On the other hand, the present study has revealed clearly certain
significant consequences of the patterns of federal funding for various
support mechanisms in the period-covered by the present study. These
were summarized in Chapter 1 and .dare presented in more detail in Chapters
4 and 5. Basically, the limited evidence—some of it anecdotal, but-
much of it statistical-—shows that federal traineeship and fellowship
programs have been important factors-in attracting students to graduate
study in a field and in facilitating the attainment of the Ph.D. It
was the opinion of bloscience educators who were interviewed in the
course of the Committee's investigation that training grants and fellow-
ships, more the former than the latter, had proven to be quite useful
mechanisms for meeting the training objectives for producing well—-trained
bioscientists. The statistical evidence seems to support that belief
but it is not possible to provide definitive "proof."

12 .
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' A.- MECHANISMS OF. SUPPORT

. There are five main source$ of financial support for individuals
for graduate research education: fellowships, training grants, -research
‘grants, university teaching assisténtships;;gnd private means. The
~ ecurrent system is pluralistic, since it includes both private and federal
~support, and commonly embraces more than one source of support. Although
the mixture of support sources 1s more complicated administratively than '
a single source might be, it has resulted in increased flexibility for .

the responsible . institutions and departments. ~

1. Fellowships

NIH predoctoral fellowships were made directly to the individual
who had already been accepted for graduate training by a university
department and who had succeeded in a national competition. Postdoctoral
research fellowships are available to either Ph.D.'s or the holders of
.professional doctorate degrees, such as M.D.'s, for advanced research
@fginihg; . ' . ' ' - :
The national fellowship programl—-as contrasted with locally ad-
. ministered support programs—allows a more uniform set of standards to
be used in the selection of research fellows, and the research “ellow -
has more freedom in selecting his site of training.

Ay

) On the other hand, there are a number of disadvantages of the
national research fellowship. These includé a propensity for the -
fellows to concentrate at only a few schools, and a lack of financial
support for ‘the departments in which the fellow is trained. Thus, there
is little or no contribution to enriching the scientific milieu of the
department. Another disadvantage is the long lead time, generally 9 to
12 months, needed from the time a fellowship application is made until
it can be used. The administration of a:national fellowship program, -
iavolving the evaludtion of thousands of individual applications, is no
small chore, and its costs must he considered in comparing support
mechanisms. : ' L

\ ' i

11n addition to this type of nationmal fellowship, there have in the past
been fellowship programs such as the NDEA predoctoral fellowships, which
~ were authorized for individual university departments with the selection
of the fellows being made locally by the departments.
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2. Training Grants

Training grants are awards to one
sity, medical ‘school, or research ifistit
program for training predoctoral and/or
.8pecified discipline or speclalty. The
years after external peer review in nati

- funds, in an approximately equal ratio,

tultion, and for support of the academic

»

or more departments of a univer-
ution, to strengthen an existing
postdoctoral trainees in a .
awards are usually made for five
onal competition, and contain
both for“trainee stipends and

environment (faculty salaries,

equipment! supplies, etc.) in the department in which the training takes
Place. Under training-grants, traineées are selected and appointed by

the institutional unit receiving the gra

nt, not by some national body.

" A most important advantage of the tfaining grant is that the

trainee is not tied so closely to"a sing

le laboratory or professor,

particularly early in his research training, as is the research fellow.

Some believe the trainee thus recelves a

broader education. Also, the

training grant allows funds for imprévement of the departmental milieu"
for research.. The fact that a new graduate Student could be appointed
as a trainee during his first-year or two of graduate study, and then

later-be supported by other mechanisms,
advantage. :

‘3. Research Grants

!

' Some predo¢toral and most postdoc
support from grant (or contract) .funds b
the research program as a research assis
limited to those advanced predoctoral st
'who have already become committed to a s
by peer review to be of importance. For
concentrating on their research project.

.the possibility of conflicting responsib

research. Competence in research by an’
department is not necessarily accompanie
or interest_in training. :

4. Teaching Assistantships

Predoctoral and postdoctoral trai

is considered by some to be an

toral students receive stipend
ased upon their contribution to.
tant. This type of support is
udents or postdoctoral students
pecific type of training, judged
them, it provides means of
The disadvantages would include
ilities for education and
individual scientist or a
d in equal measure by competence

nees may be supported by their

institutions as teaching assistants because of their contributions to
' teathing pPrograms. . These teaching assignments are usually at the

undergraduate level and restricted to in
large undergraduate teaching responsibil

14

stitutions and departments with

33

~

2

:



« -

T BN
. \\

. B AN ) . :
In this approach there is no direct cost to the federal government.
414 direct involvement of the trainee in teaching 1s also important in the

. wh-wcetional process. The disadvantages for research training include a-
. jeseer time to obtain the degree or complete the research and the fact

thst most medical schools have’ little or no funds for teaching assistant-

ships.

2 Private Means

(l Hany students support their training, particularly at the pre-— .
doctoral level, through private resources which include family aid, o
pzivate loans, part-time work, or support by a working spouse.

3

HMany persons believe the use of private Lunds is quite proper, -
providing economy for the federal- government and placing the costs where -
the benefits are assumed to accrue. Some disadvantages inherent in such
a polity are: -

1. the personal financial barrier to the trdining of potential
scientists would diminish equality of access to scientific
training based on merit alone

2. an- extension of the time period necessary for completion of
the Ph.D. degree.

In regard to private support, the Association of American Medical
Colleges (AAMC) conducted a survey of graduate and postdoctoral fellows
and trainees who were completing their training in June 1970. They

. attexapted to assess the number of . prospective trainees who might decide ’

not to.pursye research training if there were a change from stipends to
loans. About 62% of the 4,000 respondents’ “answered "No" to the question:
"If no stipend had been available to support your training, but a
long-term, low-interest loan had been available, would you have been
able to continue your plans for ‘training?" About half of the respondents
stated that they were already in debt, some in excess of $15,000. The
percentage of negatives was not particularly different when correlated
with the size of the debt, the number of dependents, or the trainee's
age. On the other hand, a survey of graduate students conducted by the

* NSF in-19732 found that more than 20% of the full-time graduate students

in the life sciences reported that loans and other personal resources

" were their major source of support. Federal support was the major source

for 32% of the respondents and institutional and miscellaneous sources
accounted for the remaining 48%<

2Graduate Science Education: Student Support.and Postdoctorals, Fall 1973;
National Science Foundation, Washington, D. C., 1974.
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B. SUMMARY OF THE COMMITTEE'S SITE VISITS AND INTERVIEWS

The pursuit of information on the impact of training programs led
the Committee into extensive discussions of these altermative mechanisms
of support, both within the Committee .and between the Committee and
members of the' bioscience community. By means of site visits and inter-
views, the Committee solicited the views of people who had given much
thought to these ‘issues. The information gachered is anecdotal, but it
18 relevant to the pros and cons.

Between June 27 1973, and June 12, 1974, members and staff of
.the Committee engaged in site visits, either in person or by telephone
conference calls. Eight institutions were chosen for the visits, repre-
senting various regions of the country and varying degrees of' training-
' grant support, including some which had recently lost such support and
one which had never received any training grants from the federal
government. The eight institutions were: University of Chicage,
University of Washirigton, University of California at San Francisco,
Stanford University,. University of Oregon, University of Pittsburgh,
Jefferson Medical College, and the Milton S. Hershey Medical College
of the State University of Pennsylvania. The federal training grant
support currently in effect at these institutions ranges from $8 million
annually (University of Washington) to zero (Hershey). One of the
institutions reported a 337% decrease in training grant funds during the
‘past year (Jefferson) while others reported losses of lesser degree but
nonetheless of considerable impact. ' o
: Some- 77 faculty and administrators. from the eight institutions
took part in these discussions. All were helpful in explaining their
programs, answering questions, and discussing their budgets, .plans,
ideas, and hopes with respect to the impact of ‘training grants on the
" development of individuals and institutions and their relavance to the
ultimate delivery of health care.  Faculty at all of the institutions -
agreed that there are certain attributes required for the operation of -
a worthwhile graduate traifiing program in the biosciences. These are:

1., the ability. to engage in reasohably long-range
"~ planning (five-six years) with respect to faculty,
students, and programs;

2. opportunities for interdepartmental interactions in
‘terms of research projects, seminars, etc.;

3. the necessity for a critical mass of students in the
research programs,

All asserted that-the means to these ends lies in sufficient money to
provide: assurance of funding over a reasonable time-span so that

/
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prqgra@ development and continual recruitment of faculty and students .
can proceed; latitude in research programs to include interaction of

individuals from several departments whose expertise can be conjoined

" to address the complex research questions -posed in 'such areas as genetics,

neurobiology, immunology, etc.; and sufficient personnel-—students and
faculty—so that research productivity is enhanced and momentum is gen—
.erated and maintained. Except for Hershey, which from its inception has
had agreements for special funding from the state, all institutions have

" relied on training grants to provide a significant portion of the support
' necessary for meeting these objectives. 1In some cases, e.g.; Chicago '

and Washington, training grant monies have béen used not only to expand
existing programs, but also to add new ones,/especially. those of an '
interdisciplinary nature or those which simply did not exist before
extramural funding provided the original impetus, e.g., academic
anesthesiology, therapeutic radiology. 1In other institutions, the

‘presence of training grants has enabled the upgrading of existing pro-

grams to the critical mass level; before this time they were barely
viable. ’ : /

All institutions which had had training grants asserted that their
programs were being eroded by diminishifg funding from this source,
albeit in different ways. For some it will mean fewer students and
coristrictied programs, both of which will diminish what could have been
accomplished under more favorable circumstances. For others it will
mean the actual demise of g:aduate'tzainiﬁg in certain departments
or programs. _ ’ i - ’

- / . .

A number of respondents believe that without funds for graduate
students, many highly qualified undergraduates are turning to careers in
medicine, which are perceived to offer a larger financial return during

- their professional life spans. This notion seems to be substantiated

by reports by those who still offer full support (tuition and stipend)

to graduate students: competition for places in their programs 1s as
great as.that for their medical school, 40:1 (Hershey). Some respondents
ekpressed the view that perhaps too many mediocre scientists had been
trained during the 1950's and/1960's when more money .was readily avail-
able. Yet none would subscribe to’ the proposition that only. the proven
and "best" institutions should be funded. . Rather they preferred to .
believe that programs everywhere have the potential to improve given

the proper leadership by talented scientists. Still others feel this

. may be a rather naive and narrow view considering the political and
. economic complexity of many institutions. ' :

That the graduate .training period for a bioscientist c~n be ex-
pected to extend four to eight years provides the basis for the belief
by the faculty that they see a need to be able to plan ahead if they
would raintain any womentum. Research itself requires.this, and the

H
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'\=incorpora;ion of stujents'into a research program enhances the necessity

e planning. When funding is uncertain or hand-to-

.. mouth, some directions of inquiry are of necessity not pursued and.inter-

disciplinary arrangements not attempted. One perceived result, according
to some respondents, “is a severe limitation to productivity occurring not
only becduse of restrictions to programs but also because this implies
a smaller total number of studéhtS'interacting with each other; The
opinion suggests that productivity, at least in the biosciences, 1is not .-
made manifegt in relative isolation but requires the active interchange
-of 1ldeas and exposure to technologies for the operation of this regenera-
tive process. '

Finally, those interviewed seemed to .be highly aware of the
relationship of their research and training activities to the health-
. care needs of the wider society. There was little evidence of an "ivory
tower." ~Respondents provided -examples of basic research, often combined
with technological development, which had resulted. in advances in health .
.'care. They pointed out the fallacy' inherent in simply attempting to
produce more medical doctors without also increasing their armamentarium
of knowledge, drugs, instruments, and understanding. And 'a bit wryly /
some observed that the general population is wont -to forget, once a
disease 1s conquered, the dramatic effects that research can have on
health care delivery. o ~ -




3. CHARACTERISTICS OF THE NIH TRAINING PROGRAMS

In this chépter we shall examine some of the significant charac-

-teristics.of the two primary instruments of NIH training support—the
regearch fellowship and' the training. grant programs. The fellowship is

the older of the two instruments. The legislative authorization for it
first occurred in the Ransdell Act of 1930, which created the NIH and’
established the federal responsibility to conduct and foster biomedical
research; and in the National Cancer Act of 1937, which authorized the
Surgeon General to establish and maintain research fellowships providing

‘stipends and allowances to individuals specifically for the study of

cancer. In succeeding years, Congress has established.othef.Iqstitutes
of the NIH and provided them also with broad training authorities in
other fields. : ' : e

The research fellowship program originally_guppdrted both pre-

. doctoral and postdocotral training. The predocotral program was phased

out in 1970 following a reassessment of the program which indicated that
predoctoral training could best be accomplished by the training grant

- mechanism. The fellowship program provided standard stipends determined

by the fellow's level of training, and allowances for dependents, tuition,
and supplies. !

1See'p. 23 for a list of the Institutes covered in this report and the
years tliey were established.
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The training grant evolved from the fellowship concept as the _
need for a more powerful and versatile instrument was recognized. Train-
ing grants are awarded competitively to. institutions in support of par-
ticular training programs that have been ‘designed and proposed .for speci-
fic purposes. The training institution selects the trainees and supports ‘
them out of the training grant funds. Funds are also available for par-
tial support of faculty, supplies, and other training elements. In this
way the institution retains a great deal of freedom in determining how
the funds are to be used.’ At the same time it assumes responsibility
for providing a high quality training Program.

A. DATA SOURCES '

The Central Data Collection System of the NIH maintains the admin--
igtrative records of the trainees and fellows on a fiscal-year basis.
It was not designed to accumulate the records fot an individual trainee.
Hence, prior to this study, it has been very difficult to estimate the
number and characteristics of the people whb have been supported by the
NIH training programs, because many of them are supported over a period
. of several years and the composite record of these appointments had not
!  been prepared. Furthermore, prior to 1961, the data were not automated,
. and from 1961 to 1965, only a punched card system was used.

One of the earliest and most difficult tasks of this study was to
establish a unified file of all individuals who have ever participated
in the ‘training programs of the NIH. This file, which is called the
NIH Roster of Trainees and Fellows, provided the basis for the Committee's
follow-up study and is now available to NIH as an administrative tool—
a longitudinal file of all the people it has supported. The file was _
developed by collecting all the records pertaining to individual trainees
or fellows from the NIH Central ‘Data Collection System, augmenting these
with data supplied by the individual Institutes of the NIH, and sum- .
marizing this information for each individual. An attempt was made in
this study to collect ‘complete data for the major training grant and
fellowship Programs of the research Iustitutes of the NIH for all years
in which they operated. The.fellowship programs included here are the
predoctoral,“poétdoctoral, special, fellowship-traineeship and direct
traineeship ﬁrograms. Specifically excluded are the Research Career
Program Awards which are considered to be for research rather than for
training. Sincé some of the records were as much as 35 years old, there
undoubtedly are’ omissions and errors in“the file. -Although these may
affect individual records and reduce the statistical validity for groups
in.which there are few cases, it is believed that overall the file is
sufficiently accurate to present a reliable historical summary of the
--training programs. h o
| 39
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1. Questioanfo'Be'Answered

training. This poses the problem of how to classify a trainee for de-

‘Data presented in the present report cover the period from 1938

" through fiscal year 1971 for training grants and fiscal year 1972 for
'fellowsvips.z The inFformation collected from. the.trainees and fellows

'biogfuphi data about the trainee and other data describing the terms of

by the ﬁxgshas_varied somewhat over the years, but genérally-conSistE'og

the award \uch*as entry and termination dates, stipends and a lowances,
iield of training, funding Institute, etc. - :

. "Thg result of all this is that it is ﬁogipossible to d termine’
the total number of people supported by the NIH training funds, in what
fields, by what Institutes, for how long, and at what aCademiF levels.

A

. .o . . - I3
» ;The training programs can be examined from many differént view-'

points, depending on-what it is that we wish to learn from the data.

Some quéstions will be centered on the field. of training; others might

- ~bé concerned more with the academic level of the trainee. So we must
try to establish a fairly general scheme of presentation which 'will

satisfy a-broad range of inquiry.

o

) my of the training programs is such that an individual
who participated in them can be classified according to five major de-
scriptive categories as follows: '

" The, taxonomy

1. .academic level of the trainee ’ B
2., type of program (training grant or fellowship)
3. field of training . :
4, training status (full--time or part-time) .
5. NIH Institute sponsoring the training \ v
) Co .
: Of course there are other‘categofies that could be added to the .
1ist, such as the training institutions, but the-ones listed-above seem

" to define the major dimensions of the programs for pprposeS_ofjthis study.

The dynamic aspects must also be considered, both from the view-
point of -the individual .and from that of the programs as a whole. The
classification of an individual within any of the five major categories
described above can and ‘frequently does chanée during the course of his

1

2Trainiﬁg'gr%nts are forward-financed but fellowships are not. This

means that trainees on duty in FY 1972 were supported out of funds appro~
priated in FY 1971. Thus the cut-off point for this report is essentially
all trainees and" fellows on duty through FY 1972. B o

P
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scriptive purposes. A convention adoptgg in parts\of-this report is to
classify trainees according to their ‘characteristics at the first train-
ing grant or fellowship award. This method avoids the problem of count-

.ing an individual more than once, and therefore is used when it is de-
-8ired to present overall summaries of the programs. At other times, it

18 more convenient to consider all individuals within a category whether
at first award or not—for example, when describing the length of support

-for all postdoctoral trainees. _The context will clarify which particu-
lar classification‘schgme is being used. '

The NIH training programs have undergone a significafit evolutionary’
process since their inception in 1938. .This study, which 1is the first.
full-scale follow-up of all former trainees and fellows, presents an

‘opportunity to examine the changes thit have .occurred, at least in terms

of the individual appointees. Wherever possible, the analysis will try
to incorporate the .time element’ as au additional dimension in order to
digplay these dynamic aspects.

NIH training Programs by describing the kinds of pebble who participated

and the nature of their training. The measurable quantities that can

be used for this purpose are as follows:
l. number of people participating O

2. length of supported period of training ,

3. dollar amount of support ' L

4. time lapse from degree to first training award

In the following sections, each of these quantities will be dis-
cussed within the taxonomic framework established for this analysis,

“The discussions will focus on what appear to be the most -significant

findiqgs-—other, more detailed tables are Presented in Appendix A.3 ,
\ - .

‘//

!

that the statistics are derived from the complete population of trainees
rather than from any random sampling procedure. Under this assumption

no confidence intervals or tests of significance are necessary since the
observed values are population parameters, not sample estimates. However,
the size of group from which the statistic is derived is still relevant
to judging its stability in the future. In most Cases, the results are
based on large numbers, but where this is not the case, it will be noted
in the text. ‘ '
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B. " THE NUMBER OF PEOPLE PARTICIPATING

Through 1972, almost 94,000 people participated in the research
training programs since they began in 1938. By far the major portion of
the training has occurred. in the last decade, with 85Z of the trainees
starting their training since 1961. .Figures 1 and 2 illustrate the size
of the training programs from several different viewpoints.

1. ‘Institute Characteriséics

When comparﬁng the Institutes of the NIH, it must be remembered
" that each one has its own objectives, emphasis, and time .frame for its
\ operation. The Institutes have been established“fﬁrlegislation.at various
v times since the National Cancer Institute was established in 1937. The
: age of each Imstitute, along with its objectives and fields of interest,
will of course play a large part in determining the number and types of
peor e it has supported.

The Institutes covered in this report are as follows:

Year
Established
NCI ~National Cancer Institute : : . o 1937
NIAMDD National Institute of Arthritis, Metabolism, and
Digestive Diseases : 1947
NIAID National Institute of Allergy and Infectious Diseases 1948 °
NIDR National Institute of Dental Research 1948 =
NHLI ~National Heart and Lung Institute 1948
NINCDS National Institute:-of Neurological and
' Communicative Disorders and Stroke 1950
NICHD ? National Institute of Child Health and Human
Development 1963
NIGMS National Institute of -General Medical Sciences 1963
NEI National Eye Institute ' 1968
NIEHS National Institute of Environmental Health Science 1969

The programs of the National Institute of Mental Health (NIMH) are ex-
cluded for all years, as is the National Institute of Aging which was
established in 1974.

'NIGMS has been the largest supportef of research training, having
initiated the training of 39,411 persomns, or 42% of the total. Most of
these (65%) have been in the basic biosciences with special emphasis on
biochemistry. '

42
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Figure 1 - NUMBER OF PERSONS SUPPORTED BY NIH IN VARIOUS CATEGORIES

. YEAR OF FIRST AWARD

1938~45
1946-50
1951-55 D Part-tinme

1956-60 7272774 : . | |
1966-72 ’ E'W > : . —
\ .

20 - 30 w0 50
INSTITUTE AT FIRST AWARD » Thousands of persons
NIAID (Allergy) I v
NIAMD (Arthritis) P77 20

NCI (Cancer)
_ NICHD (Child Heai;h) 2
'NDR (Dental)
NIEHS (Environmental)
. NEI (Eye)
NIGMS (Genrl Madical)
NHLI (Heart & Lung)
NINCDS (Neﬁ:ological)

0 10 20 30 - 40 50
ACADEMIC LEVEL AT FIRST AWARD Thousands of persons
Pie-PhD ' /W:
‘Post~PhD .
Pre-MD [~ ‘
Post-MD //W:
Post-MD/PhD
MD/Pre-PhD
- ) ) L .
0 10 20 . 30 40 50
PROGRAM TYPE AT FIRST AWARD Thousands of persons

Trainees W%ﬁ . 1
Fellows M :

\

-

101

1 I 1 1 2 1 2 1 1 J
0 : 20 .40 50 ° 60 80 100
Thousands of persons *

Source: NIH Roster of Trainees and Fellows, 1938~72, Summary File B, .
Commission on Human Resourcea, NAS/NRC, Washington, D. C., June 5, 1976.
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Figure 2 - NOMBER OF PERSCNS. SUPPOR:l_D BY NIH BY mw OP mnmlc 0

)[ AND ACADBNIC LEVE{ AT FIRST AWARD J
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NIAMDD has supported most of the research training in the clinical
- gpecialties and B7% of these’ clinical trainees have received research

. training in internal ‘medicine. -
/, ;
'”/' - The Cancer Institute (VCI) was the first Institute to sponsor re-
- gearch training, but has supported only about 11% of all trainees. .. The -
NCI training. programs have been fairly evenly divided between ‘the basic
biomedical sciences. (41%Z) and the clinical sciences (36%), in the latter
of which the emphasis has been on radiology. The remaining 23% has been
distributed over the phys1cal sclences, engineering, and miscellaneous
health fields."

The NHLI has been the second largest Institute in terms of the _
number of. people trained, and their programs have also been almost-

. equally divided between the basic biomedical and clinical sciences. In
the Jbasic biosciences, the emphasis has been on physiology, while the
clinical scientists have specialized in internal medicine. and surgery
research training.

¢ 2. _Specialty Field Characteristics - - a b

. The NIH training programs have covered a wide range of scientific
disciplines (see Appendix Table A2 for a list of the broad fields). The
basic biomedical sciencesaccount for about one-half of all training fields,
.the clinical sciences -account for about one-third, and the remaining one-
sixth is accounted for by other health-related fields, bioengineering,
mathematics, physical science, and psychology. The single largest field
is -internal medicine; 12% of all trainees began their training in this
field. "Clinical Medicine-other" is. a broad field in which a large '

. number (8%) of trainees are found. It includes such categories as multi-
disciplinary training and cancer chemotherapy. The basic bioscience fields
of biochemistry, microbiology and physiology are the next - largest with
82, 7% and 6%, respectively, of all trainees receiving their first awards
in these fields

3. Characteristics of Tralninb Status (Full-time or Part—time)

" For purposes of this study the trainees have been classified as

full~time if they participated for at least eight consecutive months at

- 'one academic level (pre- Ph.P., post-Ph.D., etc.), and part-time other-
wise. Full-time training thus defined is roughly equivalent to one
academic year. Part-time training included summer appointments, special
purpose appointments, or the category of people who did not complete
their training.
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Almost three-fourths of the trainees were full-time, with the
"basic biloscience trainees having a higher full-time rate (78%) than the
clinical science trainees (63%). The category of training defimed as
mclinical Medicine-Other" has a very low rate of full-time participation “
(23%) due to the fact that over 80% of the people who were trained in
this field were pre-M.D.'s whose training oecurred mostly- during summer
appointments.

-~

4. Academic Level Chétacteristits .

One of the most important dimensions of the training programs is
the academic level at which the training Occurred, since the goals of
the programs and the trainees vary according to the educational stage of
the training. Basically, the programs have “supported both predoctoral
.students working for doctorate degrees, and-postdoctorals. For post-
doctorals the doctorate could be either a research or professional de-
.gree. The research doctorate is defined as the Ph. D. or equivalent;
‘the professional doctorate is amn M.D., D.D.S., D.V. M. (Doctor of Veter~
inary Medicine), or the equivalent. (To simplify the exposition, in this
report all reséarch doctorates will be designated as Ph. D.'s, and all
professional doctorates will be designated as M.D.'s,) The academic
levels are defined as follows: .

Predoctoral (pre-Ph.D.) -~ Individuals who do not hold a
doctorate (either research or professional)
and who are seeking a research doctorate

Postdoctoral: : 5 .
a. Post-Ph.D. - Individuals who hold a re-
search doctorate or the equivalent

b, Post-M.D. - Individuals whose highest
degree is a professional doctorate, and
who did not indicate that they were seek—
ing a research doctorate

c. Post-M.D./Ph.D. - Individuals who hold both
research and professional doctorates and are
seeking additional research.traiqing

. d. Post-M.D./pre-Ph.D. - Professional doctorates
/ _ who indicated they were seeking a research doctorate
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Table 1 - DISTRIBUTION OF TRAiNEES AND FELLONS BY ACADEMIC LEVEL AND PROGRAM TYPE AT.
N 7 T

FIRST AWARD, 19%3-72
\ : o -// ‘
- Drogram Type at Pirst Avard - '
o Trainges Fellows Total®

oo EETEET" tof  fof TERL

Brst g | M R Gl Yoo Bow o GL | M R (ol
| 'Total Total To;al - Total : NO\ Total ~ Total
Pre-PhD TR mse 00 | s ‘
Rost-P1D M0 wee | w0 ws @ | w97
Pre-AD W5 10 g R ST T TV Y
Post-10 Mmoo WA s ns 1 | w266 g
Post-AD/PhD w08 T WLl 88 s 07 |
Pst-Offred | LM LT w0 | om o 15 om0 | sw. L 1000
Other 03 67 95,7 L I T
* Unkoom - I MOB L %4 T | mM 94 w0
Total , 76056 1000 8Ll 6181000+ 18,8 | 9370 1000 1000

éource: NIH Roster of Trainees'snd Fellows ,
Washington, DiC., August 5, 1975, (

I

~

*rotel figures included 63 individuéls with unknown program type.

i

1938-;2, Summary File B, WBsion on Humin Resources, NAS/NRC,
See Appendix A for-sore detailed tables,)
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Pre-professional doctorates (pre-M.D.) - Individuals vhose

! _highest degree is legs than a doctorate -and who are
seeking a professional doctorate and are taking
‘time out for research btraining - ' \

. " . : N
Other - TIndividuals without a doctorate degree who indicated -
they were not seeking any \degree or who were seeking

a baccalaureate or nursing degree : .

.Table 1 shows how the trainees and fellows were \distributed by academic
level at first award. : L : '

Many trainees receive their first support as pre-Ph.D:is and con-
tinue their training. as post~Ph.D.'s after they receive their degree.

‘But unless.this pattern is clearly pointed out, the data in Table 1

may be misinterpreted. It is shown there that over 30,000 trainees. -
started as pre-Ph.D.'s and less than 8,000 started as post-Ph. D.'s.

But about 13%Z of these pre-Ph.D.'s had a subsequent post-Ph.D. appoint-
ment. Overall, about 13,000 trainees had a post-Ph.D. appointment at _
some time during their training period. o -

i

As pointed out earlier, up to 1948, fellowships for either Ph.D.'s
or M.D.'s were the only mechanisms used for support. But in 1948 the
first training grants- were awarded to a few professional schools for
the purpose of strengthening their teaching capabilities. Under these
initial grants, the funds could bé used for equipment and support of
faculty, but not for stipends to trainees. Later, in 1950, funds for
stipends were included and the training grants also became a mechanism

“ for supporting trainees. The training grant proved to be a very popular

form of support Hecause of the flexibility it offered to the training
1nstitutions in the,allocation‘of.funds. .

Under.the'training'érant mecﬁanism, the support of pre-Ph.D.'é '
grew rapidly as shown below (Table 2). 1In time, the predoctorals had
become a significant component of the training programs.

Table 2 -~ GROWTH OF PRE-PH.D. TRAINING
Period S Pre-Ph.D.'s as Percentage
\ , of all Trainees and Fellows"
195660 _ ‘ 10
1961-65 33 ”

1966-72 . 40

ov
O
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A special part-time fellowship program for medical and dental stu-
dents was initiated in 1954 for the purpose of stimulating 'student in-
terest in research, to permit early identification of research talent
and:to provide selected individuals with a research experience as a
supplement to their formal education. 'In 1957 another program of fellow-
ships was established, permitting medical and dental students to spend

- a year in research between their pre-clinical and clinical years.”"4 These

programs were small ones: only three individuals could be identified in the
file as having received their first award as a pre-M.D. fellow (See Appendix
Table Al).

A large number of pre-M.D.'s were supported on training-grants.
Most of these were part-time trainees who received their training during
the summer between semesters A smaller group were classified in this
study as full-time pre-M.D.'s although they were not strictly medical
students at the time they were supported on the training grant. Some
dropped out of medical school for a year to receive research training.
Others received support under the medical-scientist training program of .
NIGMS which was specifically designed to provide reseurch training for
professional school students whose career goals were to be scientists
rather than practitioners. The training received under this program
was equivalent to a comblned M.D./Ph.D. program.
?

Overall, of those receiving full-time training, 477% have been

non-M.D.'s, 407 have been M.D.'s, and 13% unknown. For part-time

. trainees,: it is the other way around: 58% have been M.D.'s or pre-M.D.'s

21% non—M D.'s, and 21% unknown.

5. Proportion of Total Graduate Enrollments Supported by NIH
= Y

The. proportion of total graduate enrollments supported by the NIH
rose quickly to a peak in 1964 and has tended to decrease since that time.
As shown in Figure 3, this trend is especially noticeable in the biologi-
cal sciences where the approximate proportion supported by NIH was the
largest (28%) of all fields.. In 1960, NIH provided support to 640 pre-~
Ph. D.'s out of 13,060 gr duate students enrolled in the biosciences (52);
in 1971 it was 6,058 out of 36,499 (17%). :

In the health professions, the peak proportion (16%) was reached
in 1967, some three years later than in the biological sciences, and this
field also exhibits a declining.-proportion in the last few years.

4NIH Training Programs Now and in the Next Decade, Office of the Associate-
‘Director for Extramural Research and Training, NIH, Bethesda, Maryland,

1970, p. 3. 51

30



As-alpropdrtion of total graduate enrollmernts in all science fields,
the NIHfsupported'group has never been above 4%. - '

. It should be noted that the comparison between the NIH-supported

eople and total graduate-enrollments is complicated by the fact that

the field definitions used by the Office of Education, which tabulates
the total enrollment data, do not exactly coincide with those used by
NIB.S' Also practically all the NIH-supported pre-Ph.D. trainees are
Ph.D. candidates, whereas many graduate students are not. .Of course,
those who are not Ph.D. candidates are not in the "pipeline'" as long as
 those who are. It is difficult to tell to what extent and in what direc—
tion these factors influence the comparison, but their presence does
‘have some bearing on the interpretation of the numbers.

i

6. Proportion of Ph.D.'s with Pre—Ph.D; or M.D./Pre—Ph. D. Support"
£ the NIiH — .

A logical sequel to the discussion in the previous section is a
_presentation of data on the proportion of doctorate recipients each
year who had received pre-Ph.D. or M.D./pre-Ph.D. support from the NIH.
As Figure 4 shows, these proportions are larger than the corresponding
proportions in Figure 3 and they follow a similar pattern with a lag
of perhaps two to four years. This implies that either the selection
process'has worked well, or that pre-Ph.C. support has a catalytic '
effect on Ph. D. attainment, or both--propositions which will be ex-
plored further in the next chapter. / '

C. LENGTH OF TRAINING SUPPORT

. The typical trainee has been supported for about two years, but
the distribution of length of support is not at all symmetrical around
this average value; it is‘highly'skeyed to the right. Some people
have been supported in research training for more than five years,
although these are exceptional and infrequent cases.

The length of support depends on the academic level of the trainee.
Those trainees who were seeking a Ph. D. received more support than others

5The biclogical sciences as defined by the Office of Education include
the following fields: anatomy and histology, bacteriology (virology,
mycology, parasitology, microbiology), biochemistry, biology, biophysics,
botany, cytology, ecology, embryology, entomology, genetics, molecular
biology, nutrition, pathology, pharmacology, physiology, zoology, and
other . biosciences. The basic biological sciences as defined by the NIH
are shown in Appendix Table A2,
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(than. post-Ph.D.'s for example) simply because it takes longer to achieve
this goal.” Full-time pre-Ph.D.'s were supported for the longest period
(26 months on the average), closely followed by M.D.'s seeking Ph. D.'s

- who received an.average of 24 months of support. But since the average

for all students is about 7 yeurs from B.A. to Ph. D. in the .biosciences,

.the NIHeSupborted.period represents just about 30% of the total time for
- those who received such support. ' : :

The shortest period of suppdrt has gone tolﬁre-M.D.'s, most of

' whom were trained on a part-time basis.

Individuals whose first award was a fellowship received about four
months less support than those who began on training grants, 23.3 versus
27.0 months. This is-'a reflection of the fact that fellows usually re-
ceived their first award at a more advanced academic level than did
trainees. . At the pre-Ph.D. level for example, the trainees have re-

-ceived their first appointment to a training grant at an average of 2%

years beyond the B.A., whereas the fellows have received their first
award at an average of 3 years beyond the B.A.

Figure 5 illustrates the distribution of length of support;
Figures 6 and 7 show the average length of support in various categories.

The average length of support has varied over the years due pri-
marily to the shifting mixture of students from predominantly post-
doctoral to predoctoral. And since the predoctorals .generally receive
longer support, the overall average length of support has tended to’
increase along with the growth of the predoctoral programs from 1950-65.
Figure 7 shows the time pattern of average length of support. = The ,
decrease from 1966 to 1972 reflects only .the fact that many of the re-
cent trainees have not yet finished their training.. ‘

~.
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Figure 5 - DISTRIBUTION OF LENCTH OF NIli SUPPORT AT EACH ACADEMIC.LEVEL
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'D. TOTAL DOLLARS OF SUPPORT
. iy . :

1

-7+ 7Thae NIA training’ programs provide support towthé\trainees and fellows
in the form of stipends based on' the individual's ‘academic level, and
allowances for dependents, tuition, travel, and supplies.. The 1974 annual .
stipend lavels for fellows and the ceilings for traineeships were as follows:é .

j :

b _Predoctoral \

(a) $2,400 (first.post—B.A; year) ;

(b) $2,600 (years between first and. terminal year) -
. (c) $2,800 (terminal year) t . o
. B ' t
- L2 Postdoctoral ° » , .
A (a) $6,000 (no relevant post-Ph.D. experience) ‘ N
" (b) $6,500 (one year relevant post-Ph.D. experience)

(c) $7,000 (two or more years relevant post-Ph.D.
: experience) - . o

3, Special Fellowships . : vt _ .

 Annual stipends Jor special fellowships-are deter-
mined on an indiv.dual. basis. Previous training
and experience, current salary, etc. are factors
used in de;ermining the special stipend level.

In the case of postdoctoral and special fellowships, the institu-
N tion may receive up to $1,000 for supplies. For predoctoral fellows,
the ipstitution may receive an allowance of $2,500 in lieu of tuition,
supplies, ahd all other required fees. '

These levels have been in effecg since 1967. - From 1958-67, changes
in stipend levels have occurred at irregular intervals, as shown in
Table 3.° T _ o

i In FY 1975, the predoctoral stipends were raised to $3,900 at all
levels and the dependents allowance was eliminated. Postdoctoral sti-.
pends now.range from $10,000 to $14,000 and the institutional allowance
has been raised to $3,000. . '

The median stipend per month of support for a trainee during 1966-70
was about $242 per month at the pre-Ph.D. level and $518 per month at the
post-Ph,D. level. For fellows who receive their first award during the
same perlod, the figures were $250 per month for a pre-Ph.D. and $534 per
month for a post-Ph.D. (Tables 5 and 6).

. 6PHS Grgnts Policy Statement, publication #(05)74-50,000, USDHEW,
Washingeon, D. C., July 1, 1974, p. 63.
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. Table 3 ‘- NIH STIPEND LEVELS, FISCAL YEARS 1958-19682

3

N Stipend Levels
~ Fiscal - : —
1 Year ) Preéoctqfal Postdoctoral |
’ 1958 $1600-2000 - $3800-4600
1959 ¢ ~1800-2200 s 4500-5500 -
1960 : ~ 1800-2200 4560-5500
1961 © 1800-2200 ~ 5000-6000
1962 1800-2200 5000-6000
1963 1800-2200 5000-6000
1964 1800-2200 5000-6000
1965 2400-2800 5000-6000
1966 2400-2800 5000-6C00 -
1967 2400-2800 6000-7000

Source: Effects of NIGMS Training Programs on Graduate Education in the
. Biomedical Sciences, National Institute of General Medical
- Sclences, National Institutes of Health, Public Health Service,
. s. Department of Health, Education and Welfare, 1969. ' -

"

8Prior to July 1, 1965, traiﬁing Project directors could pay stipends—
at any level justified by "institution policy"; since' July 1, 1965,
- the official stipend levels are maximal. . '

;
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- The total cost to NIH for a typical fellow whose first award was
- -'during 1966-70 was about $8,200 for a pre-Ph.D. and about $11,000 for a
- post-Ph. D. These costs covered an average period of 18 months for a
pre-Ph.D. fellow and 17 months for a post-Ph. D. They include the sti-
pend and dependency allowances which go to the fellows, and allowances for
tuition and supplies, which go to the institution. o

Over time,- the amount of support-per month of. training has just

* about kept up with the increase in the cost of education for the student.
The average charge for tuition, room and board for a full-time university
student has increased at about.4Z per year from 1957 through 1970.
During roughly the same period, irregular increases in stipends and- -
allowances have increased the median dollars of support per month of
training for a pre-Ph.D. trainee about 5% per year and about 3% per year
for a post-Ph.D., as shown in Table 4. ' ' :

Table 4 - AVERAGE ANNUAL RATES OF CHANGE IN .STIPENDS AND ALLOWANCES
“PAID BY NiH, 1956-70 '

TRAINEES $/Months of training
Pre-Ph.D. g +5%
Post-Ph.D. ' +3%
_Pre-M.D. +3Z
- Post-M.D. - - 6%
. Post-M.D./Ph.D. : +47,
Post-M.D./Pre-Ph.D. _ . +7%

FELLOWS

_ Pre-Ph.D. | +h
' Post-Ph.D. _ , +4%
Post-M.D. | _ +6%

Post-M.D./Ph.D. - +67%

7Digest of Educational Statistics, U. S. Office of Education, USDHEW,
Washington, D. C., 1973, p. 74. ‘ _ :
Projections of Educational Statistics, U. S. Office of Education, UCDHEW,
Washington,. D: C., 1969 and 1972 editions, plus unpublished data of the
National Center for Educational Statistics, USOE, USDHEW..
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Table 5 - MEDIAN AMOUNT OF SUPPORT PAID TO NIH TRAINEES AT EACH ACADEMIQ\LEVEL

\

(Table entries are dollars 'ﬁnless indicated Mot:her_wise\) '

¥

Fiscal Year of ~ Academic Level \

Pre- | Post- | Pre- | Post-| Post | M.D./
t Award » -
Flese "Ph.D.| Ph.D. | M.DM | M. D.|M.D./Ph.D.|Pre-PH.D.

Hedian 1956-60 206> 424 200 336 406, 313 \'

‘Stipend 1961-65 - 238 494 216 423 473 456
Per Month ) 1966-70 242 518 257 502 512 521 \
of Support -
Total, All Years 241 514 241 458 475 502 |
Average Annual R ' ' , f'
Rate of Increase’| 1.7% 2.2% 2.5% 4.1% 2.3% 5.2% /
1956-70 v '
Median . | 1956-60 208 | 424 | 200 | 336 | 406 326 . '
Total Dollars | 1961-65 B 258 511 21¢ 433 482 498
. Per Month 1966-70 338 581 ., 271 583 579 648
. of Support : .
Total, All Years | 3i2 [ 560 | 251 489 | . 498 586
) Average Annual ' )
’ Rate of Increase '
1956-70 5.9: 4 3ﬁ22 3.121. 5.7% 3161 7.12
Median 1956-60 e 3578 | 4166 1537 4392 4549 3409
Total ’ 1961-65 4759 6548 1331 6420 6211 8496
Dollars 1966-70 8261 8258 1368 8241 ‘8916 12449
'] of Support , ‘ CUR——
' Total, All Years |7071 7404 1372. 7173 | 6441 9868
Average Annual - ' S
Raté!of Increase | 8.7% 7.1% 1.2% 6.5% 7.0% . 13.8%
1956-70 )

Source: NIH Roster of Trainees and Fellows, 1938-72, Summary File B. Commission
on Human Resources, NAS/NRC, Washingtonm, D.-C., July 5, 1975.
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Table 6 - MEDIAN AMOUNT OF SUPPORT PAID TO NIH FELLOWS AT:EACH-ACADEMIC LEVEL

(Table entries are dollars unless indicated otherwise)

Fiscal Year, of

Academic Level

on Human Resources, NAS/NRC, Washington, D.C., July 5, 1975.

/(n) Less than 10 observationms.

64

First Award Te— Post-| Pre- Post~ Post M.D.7
: Ph.D. Ph.D. | M.D. M.D. M.D./Ph.D. Pre~Ph.D.
Median 1956-60 199 | 428 | — | s | s (a) -
Stipend 1961-65 182 468 (a) 503 634 477
Per Month 1966-70 250 534 (a) 759 859 744
| of Support .
' Total, All Years| -228 486 226 472 603 527
4| Average Annual S : Co
Rate of Increase 2.32 ) 2.2 (a) 5.9% 5.2% . 4,5% )
.1 1956-70 . (from 1961)
Median 1956-60"" 317 455 . | - 456 551 (a)
Total 1961-65 428 578 (a) 659 689 716
Dolilars 1966-70 463 656 (a) 841 971 846
Per Month
of Support
Total, All Years| 449 | 587 | 276 | 572 | 678 757
Average Annual : . o : ]
- Rate of Increase 3.9% 3.7% (a) "6.3% 5.8% 1.5%
-1956-70 [from 1961)
Median 1956-60 5294 | 8003 - 7278 | 9821 (a)
Total Dollar 1961-65 9713 {10388 (a) 9965 8846 12569
of Support T 1966-70 8167 10703 (a) 12553 -|12386 -113281
Total, All Years| 9142 9676 2083 8962 9541 12731
Avérage Annual .
Rate of Increase 4.4% A 2.9% (8) 5.6% 2.3% 0.5%
~1-.1956-~70 -
Source: NIH Roster of Trainees and Fellows, 1938-72, Summary File B, Commission



, Table 5 shows the median dollars of support paid to NIH trainees
and Table 6 shows the same for fellows. The total dollars of support
have in some cases increased somewhat faster than the dollars per month
because the number of months-of support have also tended to increase
slightly during this time period. This'stretching—out of the support
Period 'is most noticeable for the M.D.'s seeking Ph.D.'s on training
grants.  In this case, the length of supported training has increased
at about 6% per year- since 1956, resulting in a 14% per year increase
in total dollars of support at this academic level. ' :

. < ‘ ‘
E. TIME LAPSE FROM DEGREE TO FIRST TRAINING APPOINTMENT

Most of the pre- and post-Ph.D.'s begin to receive NIH support
within one year after the degree, but the time lapse to first appoint-
ment can be as long as ten years in some cases, as shown in Figure 8.
Most of the M. . D.'s begin their research training after the residency,
as implied by the mean time lapse of about 4)5 years from time of M.D.
to first post-M.D. appointment. -

The early years of the training pregrams were characterized by
long periods of elapsed time from degree to first tréining appointment
at each academic level. In the 1938-45 period for example, the average
time lapse for the post-Ph.D.'s was over 4 years after the Ph. D., but -
this has decreased over the years and in the most recent period for
which we have data, the average time lapse was less than 2 years, In
the 1956-60 period the pre-Ph.D.'s received their first appointment at
an average of 3% years after the B.A., and this also has decreased over
time to 2% years in 1971-72. After this initial period for establishment
of a new pfogram, the time lapse seems to level off to a ‘fairly stable
value. The only discernible time trend occurs with the post-Ph.D.'s
where the average time lapse of 30.6 months®in the 195%-60 period de-
Creases steadily to 20.6 months in the 1971-72 period (see Table 7).

.- Among the Institutes of the NIH the median time lapse from B.A.
‘to first pre-Ph.D. appointment was smallest for the National Institute
of General Medical "Sciences (NIGMS) whose training programs have empha-
sized predoctoral support. The Dental Institute stands out as having
the smallest average tige lapse for post-M.D.'s, understandably because
many of its trainees are\Qentists who do not take a reSidency (post-M.D.
is the generic name for the category of all professional doctorates).
On the other hand, the NIDR “has the highest average time lapse of any
Institute supporting post-Ph.D.'s, although only 111 of these have been
supported by NIDR. These results seem to be in accordance with the re-
Jative emphasis that has occurred within the training programs of the
Dental Institute. '
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T  Tu -terms of specialty, fields, the pre—Ph.D.'s begin supported

" training earliest in ‘biochemistry, biophysics, and pharmacology; Lor post-

" ph.D.'s, support begins earliest in pharmacology, microbiology, and mul- -

- ‘tidisciplinary studies; and for post-M.D.'s, neurologys dentistry, and
_the physical sciences tend to be supported earliest (see Appendix Table

AS). - - : o

!
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4. ' CAREER PATTERNS Y

. In this chapter we discuss what is perhaps the most significant
part of this follow-up study, the careers of the formerlNIH trainees and
fellows and those in comparison groups. The object of this investigation
was first to develop sditable descriptions of career quterns, and second,
to try to discern what influence, \if any, training-gra?t or fellowship

support from NIH has had on these patterns.. . ]

Career patterns are difficult to describe, "and jeven more diffi-

- cult to measure. Quality criteria——always'difficultgto deal with— must

be involved. Uncertainties about whether different groups can properly
be compared are large. Since people often chinge théir employers and
work activities, the time element becomes an important consideration.
What quantities then should be used to describe cargeer achievements and
what criteria should be used to evaluate them?

There obviously is more than one way of viewing and assessing a

- career. But the choice can be narrowed somewhat for purposes of this

study by apg;dgzhing the problem from the point of view of the general
intent and goals of the training programs. . /

The ultimate goal of biomedical research is the alleviation of
disease and the improvement of the health-care delivery system. The
primary goal of the NIH training programs isgto insure that a cadre of
highly trained and highly able persons is avdilable for conducting re-
search in the biosciences and related fields. Thus the training programs,
while not unmindful of the end product, have a specialized function to

perform, mamely to provide an adequate quantity and quality of brain-

power to perform the research.

It is in this context that career patterns of bioscientists and
other scientists are examined in this chapter. We have directed our
investigation of career patterns toward those questions which relate to
the stated goals of the training programs. 1In broad terms, these
questions can be posed as follows:

S .

1. Have the NIH training programs been effective in attracting
able students into careers in biomedical research?
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2. Do the former trainees and fellows pursue active re-
search careers?

3. Do the former trainees and fellows become productive
scientists and do they contribute to medical knowledge?

Without claiming any finality for our answers—since the retro-
spective evaluation of such complex programs is'a very uncertain art—
we shall try to answer each of these broad questions. They can be bro-
ken down into more. specific, operational ones for which answers may be
sought in quantitative terms. Thus for question 1 we will seek to de~
termine-if Ph.D. rates and graduate enrollments in bioscience and related
fields have been affected in any way by the training programs. In this
chapter we report on Ph.D. attainment rates and the time-lapse from B.A.
to Ph.D. for those who had NIH support compared to those without such
support. The impact of the training programs on graduate enrollments 1s
a more involved question requiring a different type of analysis and will

be deferred until the next chapter.

Question 2 involves the extent of participation in research, and
for this question, our approach will be to ascertain what the primary .
work activity was for each member of the study group during the 1968-
70 period. These are the years for which survey data files generally -
provided career information. Then the study group will be divided into
age cohorts and the percentage in each cohort that was engaged primarily
in research or development will be computed. This provides a measure
of the extent of participation in research activities for each age co-
hort. By examining this percentage from one ¢ohort to the next, we can
_obtain approximate information about the stability of research activity
over a span of years. The same procedure will be followed for other
work activities such as teaching, administration, or professional ser-
vices to individuals. These were generally the choices listed on the
survey questionnaires from which the data on primary work activity were

compiled.

To develop this idea somewhat further, ideally what we would like
to have is longitudinal data for each member of the group for a decade
Such data would show the employment history for each person

and would give a much clearer picture of the variation in work activity
over the léngth of a career. However, data limitations precluded this
possibility. The survey data that we relied on for career information—
. mainly the National Register of Scientific and Technical Personnel, The
Medical and Dental School Faculty Rosters, and ‘the AMA File of Licensed
Physicians—could not provide sufficient longitudinal information on
their respondents. Inétead, what we have done in effect is to take a

or more.

“"snapshot" of the primary work activities of a large group of individuals
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during a singi; short time period, group them by age, /nd then try to
infer soméfhing about the career patterns of the whol4 group. The reader
must be warned that this method cannot be relied upon to reveal fine
differences. : y/a

: /

To be sure, for the members of the NIH supported groups, we do have
some longitudinal data covering their period of /training. In addition,
from the NIH Roster of Trainees and Fellows and/the fellowship.program
files of other organizations, it was, possible fo trace individuals who
might have had/both'predoctoral and postdoctoral support from such other
sources. The training histories of the individuals were then combined .

. .. 'with Ph.D.” attainment information from the Doctorate Records File t
» provide different combinations of training experience and d € attain-
. ment. The career patterns of the members of the s&i y-group_were sub-
-7 .. sequently examined accerding to the type of training pathway that had been
taken. :

R The difficulties in trying to examine career achievements with
y imperfect measures are apparent. At the very least, the "snapshot"
Vs technique will provide information on what the members of the study
/// group were doing in the 1968-70 period. At most it will give a rough
Y, idea of their career patterns. ' .

In addition”to;p;imary work activity, we have also tabulated the
type of employer for each member of the study group during 1968-70.
This will provide information on the proportéon of each cohort that was
employed by a university or medical school, employed by industry, or
was self-employed. As a complement to this analysis we have compiled
some data on incomes derived from the different types ‘of employment and
work activities. - Voo

The third general question to be.addressed in this chapter is
concerned with the productivity of the individuals in the study group
and the possible influence of their contributions to biomedical knowledge.
For a quantitative assessment of these issues we have investigated for
each member of the study group (some 500,000 individuals) the number of
publications and citations that have appeared in the world's scientific
literature during 1961-72. This was done by analysis of the Science
Citation Index developed by the Institute for Scientific Information.
The Index is a compilation of tie authors, titles and cited references
from a large portion of the world's scientific journals. It was designed
to act primarily as a bibliographic tool for performing -literature searches,
but has also proved useful in a number of other ways.  Sociometric studies
similar to this one have used the Index to attempt to measure the impact
of a scientist's work by counting the number of his publications and
citations to grs publications appearing in the literature. One approach
has been to a¥sume that a scientist's productivity can be crudely measured

-
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by counting his output of papers and articles. This assumption is open
to serious challenges. There are situations where an author is credited
with a large number of papers but none have had very great impact; com=
versely, some authors. publish infrequent but highly significant papers.
An alterdative procedure that overcomes some of these problems 1s to"
count c;tations (excluding self-citations) rather than publications, but .
“even this technique has imperfections. Papers on methodology for example
tend ;6 be cited more heavily thanother papers of equal importance. De-
spit7/these deficiencies, a number of studies have concluded that there
1s a/positive relationship between quantity and quality, and between the
freduency of citation and impact of published research.1 We shall pre-
sent the results of such analysis for the study group with the caveats
jyst stated. :
/

/'I o . i
/ ' A. COMPARISON GROUPS

It has been possible in developing data for this study to analyze
the experience of several groups of supported and non-supported people,
in addition to that of the NIH trainees and fellows. Files of people
supported on training grants and fellowships under the National Defense
Education Act of 1958 (NDEA), the National Science Foundation, and the
Woodrow Wilson Foundation were made available to the NRC for this purpose.
Also data about a group of people who applied for NIH or NSF support and
were not successful, or who were successful but did not activate their
awards, were available to provide comparison information about a group

composed of people not supported by these fellowships or traineeships.

This last group will be referred to in this report as the ''non-
supported" group, but it is important to note that while it is a group
which did not receive training grant or fellowship support from the NIH,
NSF, NDEA or WW programs, these persons may have received support from
other sources such as the Veterans Administration, the Atomic Energy
Commission, the National Aeronautics and Space Administration, private
gcholarships, loans, research grants, teaching assistantships, etc. The
groups will be used to provide comparisons with the NIH-supported group
in terms of the career outcomes analyzed in the succeeding sections of
this chapter. 7 '

lCole, 5. and Cole, J., "Scientific Output and Recognition: A Study in
the Operation of the Reward System in Science," American Sociological
Review, vol. 32, no. 3, June 1967. Also Garfield, E., "citation Index
for Studying Science," Mature, vol. 227, 669-671, August 15, 1970, and
Wade, N., ''Citation Analysis: A New Tool for Science Administration,"

Science, vol. 188, lay 2, 1975.
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The NIH and NSF training grant and fellowship programs have been
the majot sources of graduate support in the biosciences. Since all
former NIH and NSF trainees and fellows were included in this study, it
was possible to distinguish between those who -did and those who did not.
receive Support from these sources. Thus it appears reasonable to attempt
an examjnatjon of the impact of these programs on Ph.D. attainment in the
bioscientes. This is not true in the physical sciences. The AEC and
NASA had large training grant and fellowship programs in the physical
sciences, byt data on students supported by these proEEams wvere not
availabl® in this study. Therefore in this chapter no analysis of the
effect of training grants or fellowships on Ph.D. attainment rates in
the physical sciences will be made. -In the next chapter, a different set
of data provide a means of examining the impact of federal support in the
Physical sciences.

“B. PH.D. ATTAINMENT RATES AND B.A. TO PH.D. TIME LAPSE

B collating the NIH group and the comparison group with the
1973 Doctorate Records File, it was possible to determine the Ph.D.
attainment vates for each group and the average time-lapse from B.A.
to Ph.D. The attainment rate is measured by the percentage of each group
that had received the Ph.D. by 1973, '

l. Suppgrted versus Non-supported

Ip general, the supported groups have achieved a substantially
higher Ph.D. attainment rate than the non-supported group (Figure 9,
Table 8, and Appendix Table A4). In the biological sciences, 70%
of the people who had training grant or -fellowship support at the pre-
Ph.D. level petween 1956 and 1965 had attained their Ph.D.'s by 1973,
compared to 42% of a similar cohort who were not: so supported.

Ag with this and other comparisons among the supported and non-
supported groups, any differences in outcomes might be due to differences
in ability among the groups. ‘Unfortunately, we have no{means of control-
ling for the ability factor in this study since reliable '‘ability measures
are not available for the supported and non-supported groups. Some ex-
Ploratory analyses were made, using Graduate Record Examination (GRE)
scores on the verbal test, which indicates thit the supported pre-Ph.D.'s
again had a higher Ph.D. attainment rate tHarm the non-supported ones
with verbal gbility constant. But since verbal ability is not an adequate
measure of oyerall abilgty, these results are not conclusive.
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1lure 9 - PHD AITAINHENT RATES FOR SUPPORTED AND NON-SUPPORTED GROU?S
. IN THE BIOLOGICAL SCIENCES
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PhD by %973
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Sources: NIR Roster of Trainees and Fellows, 1938-72, Comprehensive File
of Doctoral Scientists and Engineers, 1935-73, Cunulative Ipdex
of NSF Trainees and Fellows, 1952-71, Coumission on Human Resgurces,
NAS/NRC, Washington, D. C. '

NDEA Fellows, 1959-72, Office.of Education, U. S. Departmenc of
Health,. Education and Welfare, Washington, D. C.

Woodrow Wilson Fellows, 1958-69, Woodrow Wilson National Fellow~
ahip Foundation, Princeton, N. J. '
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Tadle 8 ~ PHD ATTAINMENT RATES AND TIME LAPSE, BA-PUD, FOR SUPPORTED
/ ARD NON-SUPPORTED PRE- I TTorostear serencEs—
) : ’ D13 Mot Recelv
’,’ Received PhD by 1973 PhD by 1973 N
] : L of Mean Time % of
/ | Year of BA } Source of Pre-PhD Support ¢ Total | Lapae BA-PhD [} Total Total #
. . (Yrs): .
Treintcea | Full-time 1582 76.4 8.0 4B8  26.6 2070
Part~tinme 243 59.9 7.4 163 40.1 406
Total (incl unk)} 1845 73.7 7.9° 650 26.3 2505
Fellows | Full-time 727 93.4 6.9 51 6.6 778
/ NIH Part-time 22 100.0 6.2 .- 22
oy Total (incl uwnk)] 770  93.7 6.9 52 6.3 822
// Total Full-time 2309 81.1 7.7 539 18.9 -2848
P 1956-60 Part-time 265 61.9 7.3 163 38.1 428
// } Total (incl unk)| 2615 78,6 7.6 712 21.4 3327
7 NDEA(b) - 84 64.1 11.7 47  35.9 131
,( Woodrow Wilson Fellows 31 63.0 6.1 50 37.0 B1
/f/ Trainees 17 70.8 11.5 7 29.2 7%
. NSF | Fallows 258 89.9 6.8 29  10.1 287
/ Total __ 275 88.4 7.1 36 11.6 30!
/ Total with Known Support{al 2706 77.5 7.7 706  22.5 3492
i No trainee or fellowship suppt. [ 634 46,3 5.4 736 53,7 1368
- Trainees | Full-tize 3633 65.6 6.2 1908  34.4 5541
4 Part-time 311 40.3 6.2 460 $9.7 71
../;’/v Total (incl unk)]3956 62.5 6.2 2378  37.5 6334 |
J Fellovs | Full-time TI10 88.7 5.6 121 11.3 - | 1250
i NHIB Part-time | | 32 88.9 5.8 4 11.1 36
i Total (incl unk)]|1179 8.9 5.6 147 11.1 1326
3 Toral Full-time 7743 69.8 7.0 7085 30.7 57
: 1961-65 Part-tinme 343 42,5 6.2 464 57.5 807
/ Total (incl unk){s13s  ¢7.0 6.0 2525 33,0 7660
/ NPEA®) 703 _ 62.5 6.4 421 37.5 1124
: Woodrow Wilson Fellows 50  76.9 5.8 15  23.1 65
.| Trainees 150 72.8 6.5 56 27.2 206
NSF | Fellovs 381 87.8 5.6 53 12.2 434
Total . 931 83.0 5.8 109 _17,0 640
Total with Known Support{a) 5711 66.3 6.0 2895 33.7 8606
No tralnee or fellowship suppt.” | 614 33.0 6.5 353  61.0 1572
Trainees | Full-time 5215 68.5 6.7 2395 31.5 7611
Part-time 554 . 47.1 6.7 623 52.9 1177
Total {incl unk) {5801 65.6 6.7 3033 34.4 8839
Fellovs | Full-time 1837  90.5 6.1 192 9.5 2029
NIH Part-time S4  93.1 6.0 4 6.9 58
Total (incl unk)]1949 90.7 6.1 199 9.3 2148
Total Full-time 7052 " 73.2 6.6 2580 26.8 564
Total, Part-time 608  49.2 6.7 627 50.8 1235
1956-65 Total (incl unk) {7750 70.5% 6,5 3237 29,8 10987
NDEA(b) 787 _ 62.7 7.0 468 37.3 1255
Woodrow Wilson Fellows 101 69.2 6.0 45 30.8 146
Trainees 167  T72.6 7.0 63 27.%4 23
NSF | Fellows 639 88.6 6.1 82 11.4 721
Total _806 84,8 6.2 145 15.2 951
\- Total with Known Support(d) 8417 69.6 6.5 3661 30.4 12098
N No traineec or fellowshio suppt. [1248 42.4 7.5 1692 57.6 254
Sources: NIH Roster of Trainees and Fellows, 1938-72, Comprehensive File of Doctoral Scientists
" and Engineers, 1935-73, Cumulative Index of NSF Trainees and Fellows, 1952-71, Com-
miasion on Human Resources, NAS/NRC, Washington, D. C.
NDEA Fellows, 1959-72, Office of Education, U. S. Department of Health, Education and
- Welfsre, Washington, D. C.
Woodrow Wilson Fellows, 1958-69, Woodrow Wilson National Fellowship Foundationm,
Princeton,/N. J.
“The total wvith known support is less than the total from all sources of support becausc soma
people had multiple aources of aupport and are counted in each one, but are co..led only once
in the total.
l’l’hc NDEA program ia operationally equivalent to a traineeship even though 1t in called a fel- -
lowahip program. For thia analysls, the NDEA people are considered to be trainces rather than
fallova. 7 6
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2. Fellows versus Trainees ' R

The fellows do somewhat better than the trainees in terms of Ph.D.
attainment, because they tend to receive their fellowships at a later
stage in their education. '

The pre-Ph.D. trainees received their first award at an average
of 30 months after the B.A. while the pre-Ph.D. fellows received theirs
at an average of 41 months after the B.A. The net result is that the
Ph.D. attainment rate for the 1956-65 cohort of NIH fellows in bio-
science was 91% compared to 66% for NIH trainees.

3. NIH versus Other Groups

The NIH supported group2 combares very favorably with the other
groups in the study (Figure 10). In the biosciences, the NIH fellows
had the highest Ph.D. attainment rate of all groups in the 1956-65 cohort.

The NIH and NSF trainees in biosciénge do equally well in terms

"of Ph.D. achievement, followed by the NDEA trainees. and the non-supported
group. .

"~ 4. Woodrow Wilson Fellows N
Although the Woodrow Wilson Fellowship program was suspended in

1971, the fellows are referred to in Table 5 because their fellowship --
support provides an interesting contrast to that given by either NIH or
NSF. Woodrow Wilson Fellowships were given only for the first year of
graduate study whereas NIH and NSF fellows receive support for several
years. Furthermore, the Woodrow Wilson program has emphasized teaching
careers in the arts and humanities rather than the sciences which have
been primarily the province of NIH and NSF.

2The NIH group represents pecple who received traineeship or fellowship
support from NIH, but many of these also received support from NSF and
other sources. There is some overlap in the groups considered in this _
study. Prior to 1956 about 6% of the supported group had multiple sources
-of -support; after 1956 this figure was twice as high, about 12%Z. -For

this analysis, a person was counted in each group for which he received
support. '

Q | .’n | 7’7




.Pigure 10.- PHD ATTAINMENT RATES FOR TRAYNEES, FELLOWS AND
: NON-SUPPORTE™ CROUPS IN THE BIOLOGICAL SCIENCES

" % attained PhD by 1973 % ‘attained PhD by 1973

TRAINEES

1956-60_ 1961-65 1961-65

BA COHORT - BA COHORT

Z:attained PhD by 1973
\- .

30 NON-SUPPORTED

40

1956-60 1961-65
BA COHORT

Sourcea: NIH Roster of Trainees and Fellows, 1938-72, Comprehensive File
of Doctoral Scientists and Engineers, 1935-73, Cumulative Ind: <
of NSF Trainees and Fellows, 1952-71, Commission on Human Resovices,
NAS/NRC, Washington, D. C.

NDEA Fellows, 1959-72, Office of Education, U. S. Department of
- Health, Education and Welfare, Hashiqgton, D. C.

Woodrow Wilson Fellows, 1958469. Woodrow Wilson National Fellow-
ship Foundation, Princeton, N..J.
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5. Full-time versus Part-time'Training

The Ph.D. Attainment rates of those in the NIH group who had full-
time support (8 or more consecutive months) differ from those with part-
time support, but the difference is not always in. favor of the full-time
people. For bioscience trainees during 1956-65, the attainment rate for
the full-time group was 68% compared to 47% for the part-time trainees.
For fellows during this same pefriod, the statistics are reversed: the
part-time fellows in bloscience had an attainment rate of 93% ' compared
to 90% for the full-time fellows. The reason for the reversalis understand-
able: many part-time pre-Ph.D. fellows received their fellowship just
. before completing the Ph.D. and specifically for that purpose., = If they
- were on the fellowship for less than eight months before receiving the
degree, they are classified as part-time fellows. The more general case
however is that of the part-time pre-Ph.D. trainee. He or she typically
is at an earlier stage of training than a fellow and does not complete
the training because of financial pressures, family responsibilities, or
other personal reasons. By far the majority of part-time people were
trainees rather than fellows, and most of these did not continue on to
the Ph.D. : ' '

6. M.D.'s Seeking Ph.D.'s

-~

In addition to supporting pre-Ph.D.'s, NIH has also provided
support to a group of M.D.'s who were seeking Ph.D.'s. Their Ph.D.'s
attainment rates are generally somewhat lower than the pre-Ph.D.'s as
shown below. The difference is most noticeable with the fellows where
the Ph.D. attainment rate for the non-M.D.'s was 13 to 27 percentage
points higher than for the M.D.'s seeking Ph.D.'s. Because of the time
required for medical school-and the residency, the M.D.'s generallyv take
_ longer than the non-M.D.'s to achieve the Ph.D. Since many of the M.D.'s
in the younger cohorts shown in Table 9 were still in the Ph.D. pipeline
in 1973, their attainment rates are not exactly comparable to the non-M.D.'s.
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Table 9 -~ PHD ATTAINMENT RATES OF PRE-PHD'S AND MD'S SEEKING PHD'S
' IN' THE BIOSCIENCES

NIH Pre-Ph.D.'s NIH MD/Pre-Ph.D.'s .
Trainees - Fellows Total Trainees Fellows Total
Year of B.A. # Pre- # Pre- ¢ Pre- ¢ MD/Pre- # MD/Pre- ¢ Mp/Pre-
. X Ph.D.'s % Ph.D.'s X Ph.D.'s %  Ph.D.'s %2 Ph.D.'®s X Ph.D.'s
'1951-55 79.7 748 92.6 ) 202 82.4 950 74.0 . 100 79.1 67 76.0 167
1956-60 ) 73.7 2505 . 93.7 822 78.6 33_27 65.2 ' 158 73.8, 103 68.6 261
1961-65 62.5 6334 88.9 1326 67.0 7660 . 54.1 109 62.3° 77 57.5 186

Sources: NIH Roster of Trainees and Fellows, 1938-72, Comprehensive File of Doctoral Scientists and

Engineers, 1935-73, Commission on Human Resources, NAS/NRC, Washington, D. C.

C. EMPLOYMENT -

Ph.D. attainment discussed above represents an important milestone
in the development of a bioscientist and usually marks the beginning of
the professional career especially for non-M.D.'s. After that comes fur-
ther postdoctoral training or employment which in this study is character-
ized by a person's work activities, type of emplover and income. We now
turn to these.

The National Register of Scientific and Technical Persqnnel3 was the
main source of data on employment characteristics and work activity. The

The National Register was a biennial survey of members of professional and
scientific disciplines conducted by the National Sé¢ience Foundation be-
tween 1955 and 1970. It provides the most comprehensive body of employ-
ment information ,about U.S. scientists and engineers that is available, but
because of its source of data it tends to.be weighted toward academia. The

Register was discontinued in 1970 and replaced by the Manpower Characteristics

System. M.D.'s who responded to the Register are not representative of the

" general population of M.D.'s most of whom are in private practice.
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last year in which that survey was conducted was 1970, so an attempt was
first mpade to obtain career information from that file in order to utilize \
the most recent data.

. !

If a member of the study group was not found in the 1970 National

Register, the next most recent one (1968) was searched to see if the in- '
dividual could be located there. In this sense the employment information ~
covers the 1968-70 time period. -

The medical and dental school faculty rosters, and the AMA file of

physicians were also used to obtain career information for rougnly the same
time period. 4 ' '

l. Primary Work Activity

The kinds of work activities that - former NIH trainees engage
in are of primary interest because one of the main goals of the training
programs is to encourage participation in/research. To be examined here
is the extent to which the tralnees pursde a research career and how long
such a career lasts. k

The data indicate that the extent and length of participation in
research activities seem to be positively related to the amount of train-
ing and education received. Individuals with the most advanced training
. participate to the greatest extent and seem to stay longest in research. This
pattern holds for M.D.'s as well as non-M.D.'s, and for NIH-supported
trainees as well as those supported by other programs.

The non-M.D. group seems to be separable in terms of career
patterns into four groups characterized by the following:

1. 1Individuals who did not receive the Ph.D. (non-Ph.D.)

2. Those who had no pre-Ph.D. support, received the Ph.D., but re-
ceived no post-Ph.D. support (no pre-Ph.D. - Ph.D.)

l

The Medical School Faculty Roster is maintained by the Association of
American Medical Colleges, and the Dental School Faculty Roster is main-
tained by the Division-of Dental Health, Bureau of Health Resources Develop-
ment, Health Resources Admlnlstratlon, in cooperation with the Association
of Amerlcan Dental Schools. The Physicians File is maintained by the
American Medical Association and contains detailed information on all
physicians in the United States.
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3. Those who had pre—Ph D. support, attained the Ph.D.,
but received no post-Ph.D. support (pre-Ph.D. - Ph.D.)

4, Those who received post-Ph.D. sqpport (post—Ph.D.)

The term "support" in this study means a traineeship or fellowshlp
from NIH, NSF, ‘NDEA or the Woodrow Wilson Foundation, but it is quite
possible for educational assistance to have come from sources other than
these. There were insufficient data available or individuals who were

' not supported by traineeships or fellowships but -who had support from fe-|
search projects, teaching assistantships, instructorships} or other-dni- :
versity support. Having stated this caveat, we note that the use/pf the
above classification does result in groups with apparently different !
career outcomes as illustrated in Figure 11. That figure displays the . {
patterns of research activity of former NIH—suppoxtnd trainees compared \
to non-supported groups. The curves represent thé age-research activity Vo
profiles for each group. About 69% of the yodﬁéest cohort (B.A. year
1956-60) with NIH post-Ph.D. support was.- ~engaged primarily in research
and development during 1968-70. This participation rate, which! was the
highest of any group in the study, tapered off tc about 44% for ‘the oldest
cohort (B.A. year 1925-35). At the other extreme are those without a Ph.D. !
About 33 Z of the youngest cohort in the group participated in research,
and this trz-.ls off to less than 5% for the 1925-35 B.A. cohort. In
between these extremes are those Ph.D.'s with and without NI pre-Ph.D.
support, the former having the higher participation rate. -

i

The group without Ph.D.'s includes some people who tec\ived pre-
Ph.D. support from NIH, NSF, or NDEA. The older cohort of this supported
group represent people who dropped out of the education stream before com-
pleting the Ph. 'D. program. They are not generally considered to be pro-
fessional bioscience researchers although some of them are associated with
such research and hake contributions to it. Only about 3% of this supported
group without Ph.D.'s in the pre-1945 B.A. cohort was participating in re-
search during 1968-70. Most of the others were engaged in teaching. But
for the younger -cohort of this same group, those whose B.A. was subsequent
to 1960, the proportion doing research in 1968-70Q was 56%, which was almost
as high as for those with Ph.D.'s, indicating that many of these people are-.  °
probably still in the Ph.D. pipeline. i

~

\
\

/,—
—

The M.D.'s can“also be classified into groups according to a similar
set of characteristics which apparently lead to different career outcomes:

1. M.D.'s with no further support, and no Ph.D.

2. M.D.'s who received NIH post-}.D. support but not the Ph.D.

3. M.D.'s who received the Ph.D. but no further support - :
4. M.D.'s who received the Ph.D. and also NIH post-Ph.D. support \
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Those physicians who enter upon a research career seem to remain in
" research throughout their careers., without exhibiting as strong a tendency
as the Ph.D.'s to gravitate toward teaching or administration. The ex-
ception ceems to be that group of M.D.'s with Ph.D.'s with no post-~Ph.D.
support, whose initial rate of participation in reséarch is ‘high but de-

. creases in the older cohorts. The physicians also display the positive

relationships between the amount of training and education, and the rate
of participation in research. Overall, about 21% of the M.D.'s who have -
received post-M.D. support from NIH, but did not regeive the PhiD., listed
research and development as their primary work actizity in 1968-70; another
65% listed gave professional services to individuals as their primary
activity, 10% listed teaching and the remaining 4% were in administration.
However, for those M.D.'s with NIH post-M.D. support who attained the Ph.D.,
50% listed research and development as their primary work activity in 1968-
70, and only 18% listed professional services to individuals.

Each year roughly 1% of the non-M.D.'s cease doing research as their
primary work activity, as indicated by the slopes of the curves i* Figure
11. The kind of things they do after leaving research depends upon their
background - (Figures 12 and 13). Those without Ph.D.'s drop out of research
rather quickly, move strongly into teaching, and tend to continue teaching
without very much movement into management or administration. Ph.D.'s with
post~Ph.D. training support remain in research longest, then move into teach-
‘ing with very little movement into management or administration. Ph.D.'s
without post-Ph.D. training support move from research to management or ad-
ministration. Their participation in teaching is rather steady throughout
all cohorts, but the older cohorts participace less in 'research and much
more in management. . :

. ¢

For M.D.'s (Flgures 12 and 13), the general tendency is from research
to management or administratlon, With no strong trend’toward increased
teaching activity for any group of M.D.'s.

\

2. Type of Employer

In contrast to the tendency‘?or the non-M.D.'s to reduce their re-
search activity with age, the same group shows a fairly steady tendency to
remain employed by medical/dental schools or universities. As Figure 14
shows, the Ph:D.'s with post-Ph.D. support are employed more often by
medical/dental schoole and universities than any other group, with about
80% of each czhort being.so emplcyed. Even those applicants for graduate
training progfams who could not be identified as having received a Ph.D.
are in large proportion emfloyed by profe331onal schools and universities.

Danaall that mact ~nf rhaca ara nannliae whna annlied far hut were nnt awarded
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aboveiaverage interest in teaching or research careers. Also the responses
_to the National Register of Scientific and Technical Personnel from which

these data were :lerived tend to be weighted toward the academic community
which makes up a large part of the disciplinary and professional groups

that were surveyed for the Register. Therefore the proportion of this
.mon-Ph.D. group that is employed by professional schools ard universities

Ais probably higher than would be expected in a strictly random sample of.
//all non-Ph.D. scientists and engineers.

/ Over all cohorts, the largest proportion of M.D.'s employed by
medical/dental schools and universities occurs among those who received
post-M.D./Ph.D. support. Over two-third of the group were so emplqyed.
Those M.D.'s with post-M.D. support or with :he Ph.D. also had a 1arge
proportion employed by professional schools or universities. Less ngan
8% of M.D.'s with no Ph.D. nor support beyorid the M.D. are employed
this category. _ .

3. Salaries of Bioscientists in 1970

The National Register of Scientific and . chnical Personnel pro-
vides extens%ve data on the salaries of scientists engaged in ‘various
work activities, for several different types of employer, and at different
degree levels. These data indicate that research and teaching in the bio-
sciences are on a lower pay scale than 'the alternative work activities of
management, administracion and professional services to individuals.
Figure 15 and Table 10 show that at almost all degree levels, teaching is
‘the lowest paid work activity of all those reported in the Register, equated
for years of experience. Research and development pays somewhat mdre than
teaching, but still less than other activities. The 1970 median reported
salary of a Ph.D. bioscientist in research with 10-14 years of experience
was $17,100 versus $20,200 for .one‘in management or administration; for
an M.D., the difference was 20%, $22,000 versus $26,400 (Figure 16).

Salaries can also be examined according to the various types of em-
ployers. . From this peint of view, people who work for edicational insti-
tutions are paid considerably less than those who work for other types of-
employers, In 1970, the median salary of bioscientists with .10-14 years
of experience working for a university on a calendar-year basis was about
10%Z less than that in business and industry, about 2% less than that in
government and military service, and about 40% less than the median for
self-employed persons (Figure 15, Table 11).

The 1970 National Register data provide evidenCe that the earnings
differential in favor of M.D.'s carries over to. these work activities
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1970 MEDIAN REPORTED SALARIES OF BIOSCIENTISTS,

+ Table 10 -
’ by degree, primary work activity, and years of experience
(full-time employed on a calendar year basis)
Years of Experience
. Primary T T e
| Degree Work Activity 0-4 5-9 10-14 15-19 20~29 230‘ : Total | Base N
' _ (Thousands of Dollars) _
' PhD  Mgt/Admin 15.3 17.9 20.2 22.2 23.9 25.0 .21,5| 3,080
: Res/Desgn/Dev 11.5 14.7 17.1 . 19.0 ° 20.3 21.6 15.6 10,272
Teaching 11.9 14.0 15.5 17,2 19.3 19.6 14.1 6,683
Prof Servs 11.1 15.6 20.5 25.5 26.5 3.8 18.5 | 131
Other 12.5 14.4 15.9 19.4 20.7 21.9 16.8 320
Total, Known 11.9 14.8 17.2 19.5 21.1 22,1 15.8 20,486
- Profes— LMgt/Admin 26.3 21.7 26.3 28.9 30.2 . 3.3 28.8 704
i eional Res/Desgn/Dev 12.8 1?.9 22.3 24.7 . 26.7 25.2 21.8 1,807
Medical Teaching : '21.0 2 .8 25.6 26.6 2e.1 5.0 25.4 702
Prof Servs 10.2 }4.4 25.5 29.0 29.0 32.3 . 209 665
Other 8.2 “11.0 25.5 21.7 26.0 28.8 15.5 94
Total, Known 11.4  18.9 23.7 26.1 28.4 27.9 23.6 3,672
MA . Mgt/Aimin 10.4 11.9 14.1 16.2 17.6 18.1 14.8 1,270
Res/Desgn/Dev 8.5 10.7 12.8 12.8 14.2 17.1 11:1 1,958
Teaching/f’ 8.2 9.9 11.1 12.3 12.2 2.0 10.7 3,361.
Prof Servs 8.0" .10.9 J12.4 3.2 11.5 18.0 11.3 118
Other 9.0 11.5 13.3 14.9 14,5 i8.0 12.4 432.
Total, Known 8.6 10.5 12.2 13.9 14.3 1.9 11.4 |1 7,130
BA . 'Mgt/Admin 9.5 . 11.7 14.0 14.5 16.1 18. 2 14. 2 1,142
" .Res/Desgn/Dev 1.4 10.1 11.9 13.2 14.1 4.2 9.9 1 1,713
. Téaching 7.4 8.3 10.0 10.3 10.1 9.6 8.3 1,107
. PYof Servs 7.4 10.4 10.1 12.5 12.6 10. 8 10.6 214
Other 8.1 10.4 12.1 13,2 13.9 15.0 10. 7 5817
Total, Knowm 7.6 9.9 11.9 13.2 14.5 15.3 10.5 4,763
Other Mgt/Admin . - - -— < — |- -- -- (a)
‘ Res/Desgn/Dev 6.7 © 10.5 - - "16.5 10. 5 1
Teaching - —_ == - - — — (a)
Prof Servs - - -— - - -— — (a
Other - - - —-— - Ce— - (ag
, Total, Known 7.1 9.7 10.5 - -_— 20.5 12.3 25
Total, A1 Mgt/Admin - 12.0 14.4 17.6  20.5° 22,2 23.9 ¢ 19.4 6,227
Known Res/Desgn/Dev 9.9 13.8 16.8 '18.5 20.0 20.9 - 14.8 | 15,817
Degrees Teaching 9.3 11.1 13.3 15.8 17.7 18.1 12,7 11,€70
Prof Servs 9.2 12.7 19.6 22,0 24.8 28.0 15.0 1,135
. Other 8.7 11.3 13.3 15.2 = 16.4 19.0 12.4 1,438
Total, Known 9.8 13.1 15.9 18.3 20,2  "21.2 0 14.5 7} 36,481

Source: National Regiéter of Scientific and Technical Personnel, 1970, NSF, Washington, D.C.
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Figure 16 - 1970 MEDIAN SALARY PROFULES OF BIOSCIENTISTS 1IN VARIOUS WORK ACTIVITIES
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, Table 11 ~ 1970 V=DIAN SALARIES OF BIOSCIENTISTS,
o by degree, type of employer, and years of experience
T (full-tine employed on a calendar year basis)

o Years of Experience .
Degree Type of Employer 0-4 5-9  10-14- 15-19 2029 =30 Total | bese N
: _ (Thousands of Dollars)
PhD Bus/Industry 15.9 17.5 ' 19.7 21.9 23.0- 24.2 19.2 1,888
Elem/Jr Coll/2-Yr Tech 10.1'  12.0 13.6 15.0 16.0 15.7 13.8 184
Med/Dental School 11.7 15.1 18.1 20.3 22.7  23.4 17.0 3,902
University 10.7 13.8 15.9 17.7 19.7 20.¢ -14.2 |} 10,257
Hosp/Clinic 11.8 16.0 17.9 20.9 . 23.6 19.6 17.4" 536
Self _— 15.0  20.5 22.1 29.2 23.0 23.6 59
Mil/Fed, St, Loc Govt 12.1 - 15.1 17.0 19.6 21.0 23.3 17.1 | 2,765
Other 10.3 14.4 17.6 19.4 21.2 22.5 16.6 899
Total, Known 11.9 14.8 17.2 19.5 21.1 22,1 15.8 | 20,486
Professional | Bus/Industry 14.2 22.1 23.6 29.2 27.1 27.6 26.5 157
Medical Elem/Jr Coll/2-Yr Tech 9.0 -_— 12.0 . 13.0 -——-  —=—- 11.5 :
Med /Dental School r13.2 19.2 23.9 . 26.1 28.8 27.8 24.0 2,062
University 11.2 13.2 20.0 20.5 25.7 24.0 20.6 222
Hosp/Clinic 9.0 18.4 23.9 28.3 31.4 37.3 24.0 430
Self _ 16.5 22.6 31.0 38.0 38.0 35.5. 30.7 179
Mil/Fed, St, Loc Govwt 11.2 17.5 23.0 . 25.0 26.7 27.7  21.8 178
-Other 9.0, 18.0 23.0 26.3 28.3  26.2 23.8 123
Total, Known 11.4 18.9  23.7 26.1 28.4 27.9 23.6 3,972
A Bus/Industry 11.0 12.7 14.1 16.2 . 18.1 20.5 14.2 935
Elem/Jr Coll/2-Yr Tech 8.2 9.9 11.3 12.5 12.3  12.1. 11.0 | 2,562
i Med/Dental School 7.8 10.1 11.5 12.7 14.0 15.7 10.4 | 279
University 6.7 8.5 11.0 12.7 12.6 14.7 9.8 | .1,461
Hosp/Clinic 9.6 10.7 13.0 13.8 15.0 16.5 12.1 244
Self - 6.0 8.2 20.5 10.5 23.6 13.5 15.8 |- S0
Mil/Fed, St, Loc Govt 8.9 1.5 13.1 15.0 15.3 17.1 12.9 1,408
Other 8.5 11.0- 12.8 13.2- 13.6 15.7 11.5 200
Total,’ Known 8.6 10.5 . 12.2 13.9 14.3 14.9 11.4 7,139
BA Bus/Industry 10.2 11.3 13.7 14.2 16.2 17.2 13.2 1,659
Elem/Jr Coll/2-Yr Tech 7.5 8.3 10.0 10.5 10.2 9.4 8.3 592
"Med/Dental School 6.6 8.5 10.3 10.6 13.5 14.0 8.0 283
University - 4.9 7.5 10.6  12.7 ~ 13.9 13.5 6.4 530
Hosp/Clinic 7.9 10.3 10.8 10.7 11.3  10.8 10.0 307
Self 13.5 18.0  20.5 17.2 18.0 10.5 14.6 59
Mil/Fed, St, Loc Govt 8.1 10.8 12.6 13.8 . 15.0 16.7 12.1 1,343
Other 7.2 9.0 . 12.6 11.5 13.6 12.7 10.1 100
Total, Known 7.6 9.9 11.9 13.2 14.5 15.3 10.5 4,763
Other/~c Bus/Industry 13.5 ——— —— e —— — —— (a)
Degree - | Elem/Jr Coll/2-Yr Tech | ===~ - —e=- e e R S e S (=)
‘. Med /Dental School ) ——— ———— —— —— ———— ——— ———
University : e -— —_—— ! . -—— {1 (a)
Hosp/Clinic —— 7 m— \ ' (a)
Self — e meme —— B —
Mil/Fed, St, Loc Govt —_— —— mm—e (a)
Other —— —— -— —— e memm e | (a)
Total, Known J.1 9.7 10.5 ' === 15.0 ; 20.5 12.3 25
\
Total, All | Bus/Induscry 13.3 14.8 16.9 18.8 20.4 21.8 16.7 4,063
- Known Elem/Jr Coll/2-Yr Tech 7.7 9.4 11.1 12.2 12.2 " 11.8 10.4 3,766
Dégress - Med/Dental School 10.5 15.3 19.8 21.8 24.6 24.5 18.3 6,554
s University 9.4 13.0 15.3 17.2 19.2  20.1 13.6 | 12,49
Hosp/Clinic 9.1 13.1 17.4 19.6 21.6 19.1 15.0 1,533
3 Self 4.4 19.6  26.7 -29.4 27.4 24.0 .23.3 349
Mil/Fed, St, Loc Govt 9.5 13.0 15.2 17.6 19.0 21.5 15.0 | 6,314
Other 8.8 13.3 16.6 1€.2 20.2 21.9 15.3 1,417
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ment work, and 52% when both were engaged in teaching, equating for years
of experience. The differential exists because the alternative of private
practice open to the M.D. creates a market situation. such that a premium

must be paid in order to attract M.D.'s into research or teaching careers.
In contrast to the Ph.D., the M.D. can often earn substantial income from
"practice in addition to the salary paid by a university or medical school.

The relative earning power of B.A.'s, Ph.D.'s, and M.D.'s is illus-
trated in Figure 17. The B.A. and Ph.D. scientists and engineers reach
their peak earnings at about 34 years of euperience, the M.D.'s somewhat
earlier at about 28 years of experience. At his peak, the typical Ph.D.
bioscientist was paid 30% less than the M.D.'s who responded to the NSF
survey with the same number of years of experience. Furthermore, because
the Ndtional Register survey was weighted toward academia, the median
salary of the M.D.'s reported in the National Register™>($24,000) was 41%
less than the median income forall U. S. physicians in 1970 ($41,000).
Table 10 shows the median salary profile by degree level and primary work
activity; Table 11 shows similar data for type of employer.‘ These data
have not been adJusted to constant dollars.

D. PUBLICATIONS AND CITATIONS

In‘.the previous section it was shown that the interaction between
research .training and a research commitment results in the production of a
stream of individuals with. the greatest rate of participation in research acti-
vities. We would expect that a similar relationship might apply to the
number of publications that an individual produces or the number of cita-
tions to such publications in the scientific llterature. In this section
we shall examine this relationship.
~. . For this study, we used the computerized files of the Science Cita-
tion Index, referred to above, for the period 1961-1972.  These files,
which _totaled more than 25 million citatiors and more than 5 million publi-
cations, were matched ‘'by name .of author against the rosters ‘of the indivi-
duals in the study groups to gather the data on the total number of publi-
cations and citations credited to each person during this 1961-1972 period.
(The c1tations could of "‘course refer to works published before 1961).

The matchiig of these files was the most difficult of all collatiom
procedures used in this study. The only identifying information available
from -the Science Citation Index about the authors is tne last name and
initials whereas in other files, date of birth, academic degrees, sex, etc.
were usually available to provide more’positive identification. For this

~roason, only those individuals whose rames were unique in the study group
" filec were napd in t'ie analveis of pnhlicatioun and c1tation data. For



Figure 17 ~ MYDEIAN SALARY PROFILE OF SCLENTISTS AND ENGINEERS AT VARIOUS DEGREE LEVELS
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study group, it was not possible to distinguish between them in the Cita-
tion Index because of lack of other identifying information and so they
weze omitted from this analysis. %ﬁowever if a name appeared only once in
tne study group, the chance that all citations to that name in the Citation
Index were one and the same persoﬁ were greatly improved. Hence these
unique names were the only ones used in this analysis’of publication and
citation data. While this, procedu\e reduced the number-of individuals in
the study set to about 300 000, it also minimized the chances of mismatch-
ing them with the names in the €itation Index. Statistically, the cemission
of these data did not, In our opinign, impair the validit 'y ‘of the test of
the broad relationships being studied. '

The study showed that the average number of publications and cita-
tions per person tends to increase with the.amount of education and train-
ing received. And as with work activ1ty and type of employer, this kind
of relationship can be shown to hold for M.D.'s and non-M.D.'s, 2und for
NIH-supported scientists as well as non-NIH sapported ones. Figure 18
and Table 12 shows the results of theianalysis for non-M.D.'s fin the bio-
sciences. Each curve in Figure 18 represents a different pathway of educa-
tion or training. In 18 (a) the average number of publications per person
in each age bracket is displayed, and in 18 (b) the average number of ci-

ta:ions per person in each age group is shown.

The researchers who publish most)|are those with post-Ph.D. support;
their publication rate is generally twice as high as those Ph.D.'s without
postdoctoral support. This is true .of postdoctorals supported by NIH and .
also of non-NIH postcdoctorals. As Table| 12 shOWs, ‘there 1is very little
difference in publication rate between, these two groups of postdoctorals.
Whether or not a bioscientist had pre-Ph!D. support does not seem to affect
his research output directly so long as he attains the Ph.D. Those Ph.D.'s
with predoctoral but no postdoctoral supp rt do not seem to publish any
more frequently than those Ph.D.'s without predoctoral support who do noJ
take a postdoctoral. The non-Ph.D. biosc Fntists have the lowest publica-
tion rate in each age group, a fact which|conforms to the rate of partici-
pation in research of this group. - _ .

. ' T~ : .
~ The story told by the citation data| for the non-M. D.'s in tioscience
is almost identical to that of the publications. The only noticeable differ-
ence is the tendency for the average number of citatlons per person to con-
tinue to increase for the older Ph.D.'s with postdoctoral support instead
of tapering off as do the average publications per person. Otherwise the
structure 1s identical.

Tor the M.L.'s. the number of publications and citatlons is even
more closely related tc¢ the atrainmeat of the Ph.D. (Figure 19, Table 12).
The M. D.' 'S with Ph D.'s and post. M D. [Ph D) support gene*ally have the
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10 nor post-PhD support
from any source
‘ P With no PhD
, .
{ aua T T T -1
' 1956-60 1946-55 1936-435 1925-35 Year of B.A.
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However, for those M.D.'s with NIH post-M.D. support who attained the rh.D.,
50% listed research and development as their primary work activity in 1968-
70, and only 18% listed professional services to individuals.

Each year roughly 1% of the non-M.D.'s cease doing research as their
primary work activity, as indicated by the slopes of. the curves i+ Figure
11. The kind of things they do after leaving research depends upon their
background - (Figures 12 and 13). Those without Ph.D.'s drop out of research
rather quickly, move strongly into teaching, and tend to continue teaching
without very much movement into management or administration. Ph.D.'s with
post-Ph.D. training support remain in research longest, then move into teach-
'ing with very little movement into management or administration. Ph.D.'s
without post-Ph.D. training support move from research to management or ad-
ministration. Their participation in teaching is rather steady throughout
all cohorts, but the older cohorts participaie less in 'research and much
more in management. .

. ¢

For M.D.'s (Flgures 12 and 13), the general tendency is from research
to management or administratlon, With no strong trend’towarl increased
teaching activity for any group of M.D.'s.

\

2. Type of Employer

. . o : , N

In contrast to the tendency for the non-M.D.'s to reduce their re-~
search activity with age, the same group shows a fairly steady tendency to
remain employed by medical/dental schools or universities. As Figure 14
shows, the Ph:.D.'s with post-Ph.D. support arée employed more often by
medical/dental schools and universities than any other group, with about
80%Z of each czhort being.so emplcyed. Even those applicants for graduate
training progftams who could not be identified as having received a Ph.D.
are in large proportion emfloyed by profe551ona1 schools and universities.
Recall that most of these are people who applied for but were not awarded
/fellowshlps “others were awardees who did not: activate their awards. ' This
group shoulg?not be considered as a representative sample of all graduate
students because the fact that they applled for fellowships indicates an
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Table 12 -~ AVERAGE NUMBER OF PUBLICATIONS AND CITATIONS PER PERSON IN EACH AGE GROUP DURING 1961-1972

: AGE IN 1970
TRAINING PAT)AY i Under 30 3140 41-50 51-60 61-70
.Pub Cit [Number | Pub | Cit | Number | Pub | Cit [¥umber | Pub | Cit |Number | Pub | cit |Number
| of of of of of
NON-MD BIOSCIENTISTS Per Person Il’ersons Per Person | Persons ?er Person |Persons|Per Pegsoﬂ Persons |Per PersonI Persons '
i pre~PhD's -»no PhD 0.6 | 1.2 ‘8830 1.00 2.8} 2041 1.41 5.1 4N 0.8 2.1 81 (a)| (a)] (a)
_pre=FhD->PhD-»no post-PhD 3.3 | 8.9 386 4,91 21.8 753 6.5 52.7' 556 5.91.75.9] 301 5.1] 60.8] 93
t pre-PhD-»PhD->no post-PhD 3.1 [ 9.4 12009 5.81 26.2{ 1520 5.5 245, 233 3.2 11.5 29 (a)| fa)| (a)
1-NIll pre-PhD-+PhD-»no post-PhD 2.6 [ 6.0 ] 704 5.90 34,81 646 6,21 45.7] 465 3.9} 71.4) 54 | ‘(a)] a)] (a)
cdl--PhD's with pre-Ph support 2.9 15.8 12713 5.8| 28.8| 2166 6.0} 38.6] 698 3.7]50.5| 83 (a)} (a)| (a)
D -» NIl post-hD 4.4 113.3 610 10.2[73.1) 1148 12.71138.01 647 13.0(241.2] 151 6.6.(178.5 39
D -»>non~NIK post-PnD 4.8 ]19.2 113 9.0] 62.0 218 12.5]130.4| 414 1 9,3]150.5] 166. 6.51-98,41 37
Fal--PhD's with post-PhD support | 4.5 |14.2 | 723 {10.0| 7L.3]N\2366 | 12.70135.0| 1061 | 11.1[193.7] 317 | 6.5[139.5 76
MD'S
1 pre-MD-»no 1post-X‘{D—.’no PhD 1.1 2.8 ] 2850 2.0 7.5 991 }9\\ 3.2 32, -- - -- - -] .-
NI pre-MD-»no post-MD-sno PhD - 0.7 | 1.2 | 2504 1.2} 4.6} 4232 1.8] 10.4] 4028 1.3[ 9.9 2857 1.0 6.9] 1784
- t - .
al==#D's with no furthe: 0.9 | 2.1 {535 | 1.4l 52| 5223 | 1.8]10.3{4060 | 1.3 9.9| 2857 | 1.0 6.9] 1784
support, no-PhD
{ pre=MD->XTH post-¥D-»no PhD 2.8 6.7 [ 560 5.6 20.0 541 (a)! (a) (a) -0 - - L L B
NIH pre-tD->X1H post=-MD-»no PhD 2.0 | 3.6 {1878 6.01 26.4] 7575 8.71 58.8] 2367 8.9] 72,31 211 5.1 39.5)- 33
ral-=MD's with NIH post-MD, no PhD | 2.2 | 4,3 | 2438 5.9] 26.0 8116 8.7] 58.6] 2376 8.91 72.3] 211 5.1 39.5 33
i pre-¥D-»no NIH post-MD—=PhD 4.9 |21.7 {. 33 6.9 63.9 12 . =] = - - - - - - -
NIH pre-MD-»no NIH post-MD->PhD (a) | (a) (a) 16.6¢ 70.1 30 22.8226.0 30 22.3]197.5 30 , (@)| (a)| (a) .
i pre-XD—+NIH post~MD-»PhD 7.3 [16.5 26 8.0} 45.3 22 (a){ (a) (a) |- - - - -- -
NIH pre-MD->KIH post-NMD-PhD 4.4 (14,6 96 10.91 50,2 449 12.5{126.0] 187 14.0]221.8 30 (@)| (a)| (a)
.. - [ . . B
e PP no fuzeher gl | agr | ano| sus| sz |wofimz| a8 | 1safese] 60 | 15.700] 10
o = [ i
s "‘;:pi;‘ft“ and NIH post3D/PD | 5 5 lig6 | 24 | 13.6] sat| - 262 | 16.8{143.0] 197 | morfozeo] m | @| @] ¢
Source: Science Citation Iﬁdex, l§§1-72, Institute for Sclentific Information, Philadelphia, Pa.,
_Commission on Human Resources, NAS/NRC, Washington, D. C.
' ~
{a) Less than 10 observations.
- i .
'.
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18 « AVERME NIMUER OF PUBLICATIONS AND CITATIONS PER PHR.SL‘ﬂ IN EACH AGE CGROUP
DURING 1961-1972

Fipure
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Flgure 19 - AVERACE NIMBTR OF PURLTICATIONS AND CITATIONS PR PRRSON IN FACH AGE GROUP
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- fewer papers and are cited least frequently. They correspond to the bic-

M.D.'s with Ph.D. but no post-M.D./Ph.D. support. In fact, both of thesé
groups of M.D.'s with Ph.D.'s publish more frequently than all groups of
non-M.D.'s with Ph.D.'s, except possibly for those with postdoctoral support.

The M.D.'s with no Ph.D. but with NIH post-M.D. support are in the
middle range in terms of publications and citations. They are comparable
to the Ph.D. groups with~n0'postdchofal'support in this respect.

The M.D.'s who do not receive additional research training either
in the form of a Ph.D. or a post M.D. fellowship or traineeship produce

scientists without Ph.D.'s in terms of their numbers of publications and
citations. . :

In summary, a consistent pattern is apparent from the analyses of

 primary work activity, and publication and citation data. Higher levels

of education ard training are associated with larger numbers of papers
published and citations. received. The patterns are generally consistent
for non-M.D.'s and M.D.'s and over all age groups. Co
"But one should be cautious about: inferring any cause and effect
relationship here. The association noted above might be primarily a
reflection of the desire of those inclined towards research careers to
acquire additional education and training. If this is the case ‘then it
is this predisposition towards research rather than the additional educa-
tion or training.-that is the real underlying cause of a high level of re-
search activity. The Ph.D. degree, and the supported period of training,
seem to take on the role of a catalyst that produces the required impetus
towards a research career in those so inclined. .In this view, the predis-
positipn towards research becomes the necessary condition and the education
and training become the sufficient conditions for a high level of research.
activity.
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5. THE IMPACT OF ECONOMIC AND DEMOGRAPHIC FACTORS
‘-7 TON GRADUATE EDUCATION IN THE BIOSCIENCES

, In the previous chapter, the relationship of the NIH training
program to Ph.D. attaioment in the fields supported was investigated by
*determining the percentage of those individuals with predoctoral trainee-

ship ‘or fellowship support who had attained .the Ph.D. by 1973,.and com-
paring this with the attainment rate for people without such support. -

That procedure, which in a sense is a "micro" approach since it deals
.with individual cases, yielded evidence of a positive relationship
between Ph.D. attainment and predoctoral support from traineeships or
fellowships.

. T 4 In this chapter, the question of the 'impact of traineeship or ]
— fellowship support on graduate enrollments and Ph.D. degrees is approached”
’ from a different point of view.’ Here we have collected a large body . of
‘aggregate economic and demographic data covering mainly the period from
1956 through 1970, -and have examined these data in relation to graduate
" enrollments and number of Ph.D. degrees awarded during the same period.
- We shall first examine total graduate enrollments and degrees awarded
and later return to those'in the specific fields of interest.

. The object of this analysis is to determine which of the economic
and demographic factors are most closely correlated with--the patterns of -
enrollments and degrees and could reasonably be expected to influence:
" their behavior. If eccnomic or demographie variables can be found which
: are highly correlated with enrollments and degrees, and which seem to
have logical "cause and effect” relationships with them, then inferences
-————~wm4dan"be~made'concerning"their relative impact. ~This could be called a
> "macro" approach since it deals with annual values of aggregate data,
rather than groups of individuals as in previous chapters. It represents
a method of examining the question of what impact, if any, the training
programs have had on graduate enrollments, and another way of investiga-
ting their impact on Ph.D. attainment.l Whereas the conclusions in the

lother recent stddes have also attacked this problem. Richard B.
Freeman has used cross-sectional data to reveal the existence of a
well-defined stipend effect on Ph.D. production by field. See The
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previous. chapter were drawn by looking at the career outcomes of groups
of individuals with and without trainirg-grant or fellowship support, the
results of this chapter emanate from the interrelationships that exist
among the many variables involved in graduate education.

A. MODELING THE FACTORS INFLUENCING THE GROWTH OF GRADUATE EDUCATION

Since 1920, college attendance at all levels has increased faster
than the population. The percentages of the college-age population who
graduate from college, who enroll in graduate school, and who obtain
Ph.D. degrees have been steadily increasing for at least 50 years.
However, despite contrary impressions, the growth rates for the last
15 years are not much different from those of the first 18 years of the
period since 1920 as shown in Table 13

Although it is interesting to look at the growth in higher educa-
tion in absolute numbers, most of the variables move together and are
strongly correlated over time, making it difficult to separate their

‘effects. A better understanding of the forces involved can be obtained

by viewing them in relative terms. There is a . natural relationship

~ among the variables in Table 13 that arises from the flow of students

through the education process. These quantities constitute a progression
of events, each one largely limited by the previous one. Thus it is to
be expected that the .annual production of B.A.'s would vary in response
to changes in the 20-24 age group; that graduate enrollments should vary
largely in response to the number of B.A.'s awarded in the previous year;
and that the annual production of Ph.D.'s should vary according to the

‘level of graduate enrollments in prior years. ' Superimposed on this

process are the economic and personal factors that influence career
decisions. ~

N

In a steady state situation, therefore, where outside influences

.
Market for College Trained Manpower, Harvard University Press, Cambridge,

- Massachusetts, 1971,

Robert McGlnnls has studied the impact of federal funds on grad-
uate enrollments and Fii.D.'s awarded as well as on size of faculty and
other aspects of graduate education in Federal Funding and Graduate
Education in Bioscience, Commission on Human Resources (formerly Office

of Scientific Personnel), National Academy of Sc1ences, Washington, D. C.,
February 1, 1972. (Unpublished)

Stephen Dresch has examined some of the economic factors account-
ing for the growth in graduate education since World War II. See An
Economic Perspective on the Evolution of Graduate Education, National

' ‘Board on Graduate Education, National Academy of Sciences, Washingtqn,

D. C., March 1974,
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Table 13 ~ ANNUAL GROWTH

RATES OF POPULATION AND GRADUATE EDUCATION

/

1920-38  1956-70  1920-71
; Z. % \ ',z
Population, age 20-24 1.3 3. . 0.8
BA degrees , ‘_§.4. ‘6.8 4.9
Graduate énrollments . 10.1 | 9.1 | 7;3;
PhD degrees 9.2 9.8 /7.0

i

-

Growth ratés were derived from basic data provided by the following
sources: . :

Historical Statistics of the United States, Coloniai.Times to 1957

Continuation to 1962 and Revisions, Bureau of the Census, U. S. De~

partment of Commerce, Washington, D. C., 1965.

Statistical Abstract of the United States, Bureau of the Census, U. S.

Department of Commerce, - annual editions, Washington, D. C., 1966~-72.

Currerit Population Reports, Bureau of the Census, U. S. Department of

.Commerce, series P-25, Washington, D. C., 1970.
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such as market forces or government policies are constant, and where
student preferences are stable, the ratios of enrollments and degrees
granted to the population pool from which they are drawn (i.e., BA/
population 20-24, graduate enrollments/BAi_l [i.e., B.A.'s awarded in

previcus year], PhD completions/graduate enrollment) should remain
essentially unchanged. Hence, any significant deviations of these

ratios from a constant value can be presumed to be caused by other than. .
simple demographic factors. -

Clearly, as Figure 20 shows, these ratios have not been constant

:over the years. The ratio BA/P(20- -24) has grown at an average rate of
about 47% per year since 1920; graduate enrollment/BA's

1-1 has grown at

about! 2.37 per year; while RhD's/EN (where EN = three4year moving average -
of graduate enrollments) decreased at about 2% per year from 1920 to

1946 and since then has increased at a rate of 1.37% per year. Further, .
these increases are not the [consequence of stable, smooth growth but the
overall result of an irregu%ar pattern which includes periods of decline \

\.
as well as of increase.

H \ {

Thus, it is apparent|that non-demographic factors have been ‘
operating to increase the proportion of the population participating in
higher education. Several economic factors emerge as possible explana-
tions for these observed cHanges: salaries of college graduates relatiye
to those of non-graduates,/federal financial suppert for students in
higher education, aggregac@ personal income, and federal funds for
research and development./ Since these ~conomic factors, especially
those determined by federal policy, are =7 primary interest to this
study, an attempt has been made here to separate the effects of the
economic variables from those of the .demographic ones. This has been
done by starting with a population of the approximate age of B.A. recip-
ients (20-24 years “old) and examining the behavior of ratios similar to
those shown in’ ‘Figure 20. \ ,

It is important to note that with one exception, this study
.considers only factors which are associated with student demand for
graduate education as measured by enrollments. This 1s because we
assume that throughout the period examined, the supply of both,under-
graduate and graduate places was sufficient to absorb all student demands
without any change in admission standards or the real costs of tuition.
Thus,- in economic parlance, supply of places in graduate school is
treated here as if it were infinitely elastic, and, therefore, could
have had no influence on the numbers qQf students enrolled or graduated.
There is no question that some schools did indeed raise their admission
standards and limit their graduate ‘enrollments in the face of unprece-
dented student demands, and a few may even have raised tuition in
response to these forces. Nevertheless, on the whole, American
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Figure 20 - TRENDS IN DEGREES AND FNROLLMENTS 1920-71

.8004
L7004

.ml

o0

-035

Grad. Enrollment/ N
# BA's (revious Yr.

2

# PD's/3-yr. Ave. Grad.
‘\ . Enrollment /

% 8 32 3% W0 4 48 52 56 .60 64 8

- ’ YEAR

Historical Statistics of the Un{ted States

: € ; Colonidl Times to 1957, Conti-
nuation to 1962 and Reviriona, Bureau

. of the Census, U. S. Dcpartment of
Coomerce, Washington, D. C. , 1965.

Statistical Abstract of the United Statea, Bureau of the Census, U, S, De-
partment of Commerce, Washington, D, C., annual editfons, 1966-72,

Current Populatinn Reporta, Bureau of the Cenaus,
merce, serfes P-25, Washington, D. C., 1970.
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institutions of h1gher education absorbed a high percentage of those
""Willing and financially and intellectually able. . The obvious exception
involves medical education, where lack of places clearly has-been a —
"deterrent to enrollments. Medical school enrollment, therefore, is in-
cluded as an explanatory variable in this study because inability, to -
~ enter a medical school may have induced some individuals to opt for
graduate education in the life sciences.

Further, it should be noted that among the explanatory variables
cons]dered there is no variable to reflect unfilled job vacancies for
‘graduates or unemployment rates among graduates.  Lack of adequate data
precluded the use Qf such variables. Consequently these factors are
manifested only to| the extent that labor market conditions are reflected

. in earnings of graduates, for which:'data, although not in full detail,
are available. .

"The basic method of the study is multiple regression analysis2
in which the dependent variables, which are measures of graduate student
flows defined in relative rather than absolute terms, are regressed on a
group of explanatory var1ab1es by a method explalned in detail below.3

/

: 2Here we must necessgrily ‘become somewhat tec¢hnical in our discussion.
The general reader who does not wish to explore these details may skip
ahead to page 86 for a summary of the methodology.

Multiple regression is a statistical procedure in which a series
of observed values of the primary variable (the dependent variable) is
collected jointly with a set of observed values of other variables’ (the

. “explanatory" variables) which are.thought to affect the behavior of the
primary variable. - By examin1ng the correlatFons among the dependent and
explanatory variables, a linear function'of[the explanatory variables is
constructed which provides the best fit to the pattern formed by the ob-
served values of the dependent variable. The values of the dependent”‘”““’f"ﬂ
variable differ from one another partly by. ‘¢hance and’ partly because they .
are associated with varying values of the explanatory variables. In this
sense, the explanatory variables are said to explain part of the varia-
tion in the dependent variable. The object of regression analysis is’ to
construct a linear function of explanatory variables which accounts for
as much of the variation in the dependent variable as possible. For a - -~
good technical explanation of' regression analysis and its ramifications
see J. Johnston, Econometric Methods, McGraw—Hill New York 1972,
3Since all of the explanatory variables were considered to be exogenous,
no ‘simultaneous equation estimation procedure was used. Each equation

- was treated independently by ordinary least-squares or a step-wise
variation thereof T

\
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One ‘set of equations was developed in which the dependent variable is an
aggregate quantity for-all fields of study combined. Another set was :
developed for such specific broad fields of graduate study as bioscience e
" and physical science, including engineering. . Here, dependent variables - S '
: are defined in most equations as ratios of graduate students enrolled or ' -
e re?eiving degrees in a specific field in relation to the total of all '
fields.  1n other equations the dependent variable is defined as the
i ratio of first-year graduate enrollments in a field to the pool of B.A.'s
~.| presumed qualified for entrance to graduate study in that field.
’ ! ' . PR . .
'f} The particular procedure used to estimate the equations is step-
. wise® regression, in which the specific explanatory variables included
in an equation are selected sequentially from the complete set of ex lana-
tory variables on the basis of their contribution to the reduction 1 the
jerror variance in the dependent variable. A variable is'retained in the
final equatioﬂ.only;if its inclusion sZgnificéntly reduces this vartance.
‘At the same time, if the inclusion of 4 new variable reduces the co%tri-
bution of another previously included/variable below the level of signi- _
ficance, that earlier variable is dropped from the equation. As applied e
here, this method also used lagged’ values of certain explanatory varia-
‘bles—that is, student aid, salaries, aggregate income—so that it
selected not only the "best" variableg-but their "best" lags from the
standpoint of maximization of reduced error variance. Use of lagged
variables where data permit provides estimates of the time it takes for
student flows to respond to changes in explanatory factors, and thus
enhances the explanatory power 'of the model. oo

The variables chosen by this step-wise regression technique,

however, ‘may not be those most meaningful from a logical, conceptual,’

or "common-sense" standpoint. To allow for this, the procedure was

modified to insure that each variable selected not only makes a signifi- /
canf\zeduction in the error variance:\but also has the logically.cofrect ' \ *
sign 4nd has what seems to be a logical relationship with the dependent ' ‘

\\.

4A mode detailed description of the step-wise procedure is as follows:

The filrst explanatory variable selected is the one with the highest simple
correllation with the dependent variable. Then, from the remaining varia--
bles the ione .which most decreases the remaining variation in the depen-
dent variable is added. . To these variables is then added the variable
, which lagain most explains the remaining variation, and so on until no
explanptory variables are left vhose inclusion would further significantly
reduce| the residual variation.. If during this process the significance
of a vhriable included in an earlier step is reduced below the critical
confid nce\level (.05) by the inclusion of a variable at a later stage
it is kliminated from the equation.
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. variable. The equations presented below are those which emerged from
this approach which combines the selection of the most potent explanatory
variables with informed judgment regarding logical and conceptually

C meaningful relationships. The variables included in these equations

" also were adjusted for the problem of multicollinearity as discussed

later in'(this séction.

An alternative approach would have been to make an a Eriori speci-
fication of the explanatory set of variables which conceptually could
determine the behavior of the dependent variable, and then to see if the
hypothesis was supported by the data. This approach was tried in a
number of cases as described in Appendix'B. In general, the a priori
approach yielded less satisfactory results in terms of logical and

statistical properties than the empirical one embodied in the step-wise
procedure.

In a regression equation, the influence of each "explanatory"
variable is measured by 'its statistical properties, i.e., the regression _
coefficient, and standard errbr.> The net regression coefficient is an i
estimate of the change in the dependent variable associated with a :
change of one unit in the explanatory variable. It is .not really a
good measure or the relative importance of each explanatory variable
because its maguitude largely depends on the uhits of méasurement.” What
is needed to compare the relative influence of the’ different explanatory .
variables is a measure of the proportion of the variance in the dependent
variable that is accounted for by.each explanatory variable in the equa-
tion acting independently. . The measure that is generally used for this
p-.rpose is the standardized partial regression coefficient 6 Under
o i .
5In a»step-wiSe procedure such as °‘this, where special constraints, are put
.on the selection of.the variables, the usual interpretation of the standard
error and significance levels is no longer valid. They may still be used
as indices-but cannot be given the frequency interpretation usually -
associated with them. = .

6see for example G. W. Snedecor and W. G. Cochran, Statistical Methods,
6th edition, Iowa State University Press, Ames, Iowa, 1967, p. 398. The

standard partial regre351on coefficients are defined as b (S /S, ) where
0-1-\
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Vo - certain conditions, thps measures the contribution of each explanatory
N varia le to the variation associated with the dependent variable. The .
\ problem-is that this interpretation is strictly applicable only under the
. . condition t the explanatory variables in the equation be independent
: (uncorrelated), acondition that is rarely met in pragtice. In most
applications, the explanatory variables are intercorrelated to some
' extent (this condition is called multicollinearity) and the values of
- the regression coefficients calculated from the data are very sensitive
to these intercorrelations. . For .example, two highly correlated explana-
_fOry variables in an equation will have coefficients much smaller than
- they would have if collinearity were not present.. As multicollinearity ‘
becomes weaker, theiﬁtility of the standard partial regression coefficients
as a measure of relative importance becomes greater. Multicollinearity
is a ﬁroublesome factor in many ways in regression analysis, and therefore e
.an attempt has been(made here to minimize its effects. Wherever pogsible,v //
an explanatory variable has been prevented from entering an equation if
it was highly correlated with variables already selected. This .was
- possible in cases .where another variable could be substituted without
sacrificing too much explanatory power. 'As it turned out, in many of
the equations the explanatory variables are ratios, and these are not
so highly intercorrelated to preclude the use of the standard partial
‘regression coefficients to measure the relative importance of thevariables.

" To summarize, the general dpproach to determining the net effect
of  economic variables, including federal financial assistance, on changes
in the proportions of students enrolled or graduating entails development
of multiple regression equations. The overall set of potential explana-
tory variables derives from concepts of the determinants of student flow
into higher education. The selection of particular variables from among
this .set, and the estimation of their relative impact on the flows, was -
determined by the application of a modified step-wise regression
procedure. . ‘

The genefalliﬁtent of this ‘analysis is to provide an empirical
examination of the forces that have impinged on the flow of students in
graduate education. However it is well recognized  that regression ana-

- lysis, and-especially the step-wise procedure applied here, cannot pro-
vide proof of any cause and effect relationships, no matter how well de-
signed or.comprehensive a study is conducted. The most that can be
achieved is to show that the dependent variables are closely correlated
with certain other variables over the set of data points used in the
- analysis. But such correlation by no means proves causation—for several
reasoﬁs,J First, the set of variables used in any relationship may only
be proxies for the true causal factors that influence the behavior of the
dependent ‘variable. Second, the correlation between the dependent variable
and the so-called explanatory variables may exist only by chance over the
data set analyzed, but may not exist at.all for data points outside the
set. Analyses of time series datA and small samples are especially vulner-
able to this pitfall and unfortunately neither large samples nor adequate
cross-sectional data were available in this study to. verify the resiilts.
Therefore no claim of proof is being made here that any of the empirically
derived relationships are causal. The equations were developed using vari-
ables which conceivably and logically could bear cause and effect relation-
ships to the dependent variables. Inferences were then drawn on the assump-
“ ..° tion"that the "explanatory" variables used in the equations are closely re-
" lated to the true causal factors. The conclusions reached in this study rest
heavily on this assumption. Validation of the results must await verification
from additional data and further analyses.
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The data were in the. form of annual values, i.e., time series for
the 1956-70 period. The complete set of data used in this analysis is
presented in Appendix C. The candidate "explanatory" variables fall
into the following categories (it should be noted that data permit some
of these variaPles to be lagged, thus introducing opportunities to esti-

mate rates of response) , ,/

1. Federal expenditures for fellowships and traineeships
broken out' by field

-2." Federal funds for research by field. /

‘3. Salaries of physicians and dentists; salaries of bioscientists,
physicists and chemists at the Ph.D., M»A and B.A. levels;
faculty salaries (professor, associate,professor, assistant
'professor, instructor); incomes .of coLlege graduates, incomes
of high school graduates e ' '

4. Veterans Administration funds for edication

5. Medical school applicant and enrollment data

6. Selective Service Administration data on registrations

and inductions /

7. Number of bioscientists, chemists, physicists, and total
scientists at the Ph.D., M.A., and B.A. levels as reported
in the National. Register of Scientific and Technical
Personnel

8. Aggregate real disposable personal income

/.
/

B. PRINCIPAL FINDINGS

o When the "explanatory" variables (to the extent that they are
available) are examined statistically in relation to the trends in
degrees and enrollments, the empirical evidence indicates that federal
aid to students in graduate education has had the greatest influence on
degree and enrollment ratios, followed by income and by expenditures for
research. Income seems to have its greatest impact on the ratio of B.A.'s
to population age 20-24, while federal aid to graduate students has had
a strong influence on the proportions enrolling in graduate_school and
obtaining Ph.D.- degrees. It should be noted that B.A.'s as used here
includes first professional degrees such as L.L.B., M.D., D.D.S., etc.,
because this is the way theé data were defined and collected by the Office'

. of Education up to 1961. Graduate enrollments are those enrolled in a
program leading to an M.A. or Ph.D. degree or the equivalents.

Salaries of college graduates in all fields have increased
steadily in absolute terms, but not relative to others in the labor
force (Figure 21). There is still a considerable differential in life-
time earnings between those with and without a college degree, but this
differential has been rather constant and by itself does npt seem to
account for the increasing proportions of graduate enrollments and Ph.D.
degrees. This conclusion is consistent with the observed low rates of
return to Ph.D.'s due to the large amount of income foregone during their
training period. 7 Rather, this differential seems to provide a constant

’

See, for cxample, Duncan Builey and Charles Schotta, "Private and Social

Rates of Return to Education of Academicians,' American Economic Review,
March 1972, : .

87 T

. 110




-

> :
Figure 21 - AVERAGE ANNUAL INCOME OF MALES 25 YEARS AND OVER

~
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Sources: Current Population Reports, Bureau of the Census, U. S. Department
of Commerce, series P-25, Washington, D. C., 1970

Miller, Herman P., "Annual and Lifetime Income in RelAtion to
Education: 1939-1959," The American Economic Review, vol. 50,
pp. 962-985 (1960). - ’
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incentive to attend college while the growth in absolute income and in ;i:
student aid provide the means for doing so. Another way of lodking at

it is to consider participation in higher education as an investment in

- human capital, and that given the difficulty of commercial educational
borrowing, more and more such.personal investmént takes place as personal
incomes rise, providing sources of funds. At the baccalaureate and first

- professional degree level, incomes seem to play a major role in career -
choices. Incremental investment in graduate education, however, appears
to have been somewhat more heavily influenced by direct student aid
programs than by salary differentials. " ' ‘

C. AGGREGATE EQUATIONS (ALL FIELDS COMBINED)

P

To see how these principal findings were arrived at, consider
first of all the ratio of B.A.'s awarded per year in all fields to the
20-24 year old population. Figure 22a’ indicates how this variable
behaved over the period of study. Equation (1) shows the best results
that could be obtained from the regression analysis. (The values in
parentheses under each explanatoty variable are the standard partial
:egressioﬁ coefficienits which under the conditions outlined above, attempt
to measure the relative importance /of each explanatory variable in the
equation. All regression coefficients are significant at the .05 level
except where noted.) " ’

-B.,A. equation:

(1) (BA/P), = ~0.01 + 0.0043($B), + 8.2 x 107(sa),_, 3 B® = 0.95
(0.98) (0.35) ‘
where BA/P = (Baccalaureate/Population Ratio). Number of B.A.'s relative
to 20-24 year old population. ' ' . '
$B = (BA salaries). Real median salary of all professional and

technical;personhel whose highest degree is a B.A.: ,
($thousands, deflated by the Consumer's Price Index [CPI]). "~

/

~ 8The Durbin-Watson test indicates that positive, first order aut%cdrre-
lation is present in at least some of the equations presented in; this
chapter. No attempt has yet been made to correct this condition,
although further work on /these models would require that attention be
given to this problem.” The main consequences of autocorrelatioﬁ are a
serious underestimate of the sampling variances of the regression co-
efficients and predictions with excessively large variances. See
J. Johnston, op. cit., p. 246. Regarding the significance levels, see
footnote 5, p. 85. ‘ 112 -
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. . EARure 22 - GRADUATE ENROLLMENTS, DEGREES, AND SOME "EXPLANATORY"” VARTABLES

(a) Number of BA's auar&ed each (b) 1st year full-time graduate
S year relative to the 20~24 enrollments in all filelds
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I : '
SA = (Student Aid, Higher education). Real total federal aid
" to students in higher education; includes all traineeship
and fellowship stipends plus VA benefits for higher educa-
tion: ($millions, deflated by the CPI).
. v , .
R? = 'rhe coefficient of determination, a measure of the goodness
of fit of a regression equatien. If the dependent variable
s perfectly estimated by the linear function of .explanatory
igriables, thenéR2 = 1; 1f there is no corrélation, then '
Ré = 0. '

In equation (1), ‘the B.A. ratio is related to the median B.A.
income ($B) and to federal aid for students in higher educatibn in the
previous year (SA)i ,, both- adjusted for price ‘changes by divgdi:g by
the Consumers Pricé Index. In this equation, $B has a much greater
impact on BA/P than does SA as measured by the standard partial
regression coefficients. :

Graduate enrollment equation: N v : e

2 - -4 '+ 3.04(eD), ; RZ =
(2) ENerLi/Bi_l = 0.13 + 1.67 x 10 "SAGE, , + 3.94(PD), ; R" = 0.94

P | (0.89) (0.26)

!
!

where ENlFTLi?Bi_l = (Ratio of graduate Enrollment to Baccalanreate
' T degrees). First year full-time graduate enrollments

; in all fields relative to number of B.A.'s awarded
N in preceding year. 9 :

B

9The symbolq used here for enrollments are intended to have mnemonic
characteristics. First-year graduate enrollments were disaggregated into
full-time, part-time, and total. %ix—character symbol - was used to

. represent these first-year enrollment variables within each field and - -~

total over all fields. The six charafters have the following interpre-
tation: :

1st a&d.an Characters: EN = En&ollments P
' 3rd character: 1 = first year '

4th character: F, P, ot T = full-time, part-time, or total:

5th and 6th characters: TL = total graduate enrollments

S BI = bioscience graduvate enrollments -
= physical ‘science and engineering
graduate enrollments

Thus the symbol EN1FTL stands for. first-year, full time graduate
enrollments in all fields.
Total graduate enrollment including first year 1is represented by a
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SAGE = (Student Aid, Graduate Education).. Real total federal aid
. to students in graduate education. Includes all trainee-

ships and ‘fellowships plus 10Z of VA direct benefit payments .

to students ‘in higher education: ($millions, deflated by

the CPI). -
PD = (Probability of being drafted).

Probability of being in-
ducted into military service—com

puted as the ratio of the

.. Equation (2) shows the results for first-year full-time graduate
enrollments relatiVe_tQ_the<number of B.A.'s awarded in the preceding
year (Figure 22b). The student aid variable (SAGE), lagged one year,
Seems to have had the greatest influence on relative first-year full-time

enrollments, in combination with a variable measuring the probability of .

being drafted (PD). It should be noted that available data do not -
permit construction of an income variable which relates earnings of ‘
graduateés to earnings of B.A.'s for the entire period under consideratiom.
Such a.variable if available would be a logical one-to use to test the
hypothesis that the number of B.A. degrees is affected by relative
Ancomes. - o o , ‘
Equations were also ‘developed for first-year part-time, first-
year total, and total graduate enrollments, with the student aid Gariable,

a research funds variable, and an income variable involved (see Appendix
B for details).” ’ '

Ph.D. completion>eguation;
: .

i j ‘ . " s :
(3) PhDTLi/ENi = -0.018 + 3.19\x 10 SAGEi_7 + 0.023($C/HS)1_4

sV oo@on L (0.46)
+'o.010(»$c/HS)i_7 ; R% = 0.93

(0.20)

four-character éymbol defiqed as follows: ' /

1st and 2nd characters: EN
3rd and 4th characters: TL
‘ 'BL
PE

Enrollments (total jéaduate enrollments)
total over all fielys
bioscience

physical science and’ engineering

Thus the symbol ENTL stands for total graduate enrollment over all fields,

15
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. where PhDTLi/EEi". (PhD/Enroilment'Ratio) Total number of PhD's in the

ith year ‘relative to the average graduate enrollments
for the past three years.

$C/Hs = (College/High School salary ratio). Average annual
income of males 25 years and older with four or more
years of college, relative to those with high school
only.

. (SAGE is defined above.)
s The dependent/variable in equation (3) is the ratio of the number
,of Ph.D. degrees awarded annually relative to the average number of

" graduate students over the -last three years (PhDTL, /EN,). Thus it is

an indicator of completion rates over time. Here %he Combination of
federal aid of graduate students .(SAGE) and ‘the college/high school
_salary differential ($C/HS) with two different lags provide the best
estimates of relative Ph.D. production, with SAGE again predominant.
/ L)

The'general picture that emerges from the equations is that at the
graduate level direct federal student aid has been a potent and perhaps :
-the dominant force acting to increase the proportions of students who

" continue" their education beyond the B.AT A consistent- pattern emerges

showing that relative graduate enrollments and Ph.D. degrees are closely
related to student aid and to salary differentials, but in most cases,
the student aid variable has greater impact. At the B.A. level, the =
reverse seems to be true. Salaries of B.A.'s and student aid are the
best predictors, but salaries have thg greater influence.

In Figure 22, some of the variables are illustrated to provide
graph¥c evidence of the relationships. Since all the 'variables used in
this analysis were in time"series form, strong correlations could occur
between the dependent and explanatory variables simply because they both
have increased steadily over time. In such a case, one might be tempted
to accept a true relationship between the variables when in fact their
relationship is due only to the fact that both exhibit strong trends
over the time period of the study. To guard against. such an error, the .
correlations among the variables were examined both before-and after '

' removing the linear trend component from the time series. If a strong

correlation disappeared after removing the trend, the variables were
not considered to be truly related. The results pf that analysis are
presented in Appendix B. :
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D. -DISTRIBUTION BY FIELD OF STUDY

The number of B.A.'s awarded annually has been tabulated by the
U. S. Office of Education since 1870, and the Commission on Human’
Resources of the National Research Council maintains detailed records-
“of the Ph.D. population in its Doctorate Records File back to 1920, but
it has only ‘been since 1955 that data on graduate enrollments by field
have been available. Only very rough estimates of the amount of student .
ald to each field are available for this same time ‘period. Yet; even
with these approximate data, there is evidence that the distribution of °
graduate students among the various disciplines seems to have been in-
fluenced by the proportionate share of direct student aid (fellowships
and' traineeships) that is made available to each field. This conclusion

seems to hold at least for the fields analyzed in -this study: blosciencee

and the physical sciences including engineering. The amount of Support

to these fields has varied in magnitude and timing, and. these variations

‘are reflected im the ‘behavior of relative graduate enrollments in subse-
quent years. . ‘ .

1. _Bioscience Equations

P

In most of the b10sc1ence equations, the dependent variables were
formed by relating bioscience graduate. enrollments and.Ph.D.'s awarded
to corresponding totals over all. fields. Enrollments were again broken
out by first-year full-time, first-year part-time, first—year total, and
total bioscience graduate enrollments. Only the results for first-year
total bioscience enrollments and Ph.D.'s awarded are shown below in
equations (4) and'(6)—the others are presented in Appendix B. ‘Equation
_ (5) examines an alternative definition of the enrollment varLable

Enrollment equations:

3

(4) (ENIFBI/ENIFTL),

- o - (1.06) . _  (=0.42)
. 2 _ .
+ o.o34(RIR/Rt)i ; R Vo.ss
(0.34) )

it

(Relative first-year bioscience enrollments).
First-year total graduate enrollments in bio-
: sclence relative to total first-year graduate
- ‘ enrollments in all fields.
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wherc (EN1FBI/ENLFTL)

f

i

0.016 + 0.026 (NIHTF/SAGE) _, - 1.52 x 1o‘§(MDENR)i



(Relative NIH student aid funds). NIH appropriations
for training grants and fellowships relative to total
federal aid for graduate students.

NIHTF/SAGE

MDENR

Total enrollments in medical schools.

R,_/R (Relative funds for research in the life and physical
. sciences). Federal funds for research in the life
sciences and physical sciences relative to total
federal funds for research in all fields. The
physical sciences were combined with the.life sciences
* in this variable in order to develop a broad measure '
of research support reflecting the degree of overlap
'in these fields. ' "
N In equation (4), 85% of the variation in felative first-year
bioscience enrollments (Figure 23) 1is accoéunted for by a student aid
variable (NIHTF/SAGE), (negatively) by a medical school enrollment
variable (MDENR), and' by a research'funds variable (Rlp/Rt)' In this.

equatidﬁ, the student'aid variable has the greatest impact as measured
by the standard partial regression coefficients. There are no signifi-
cant correlations among .the explanatory variables in these t@o equations.

.Equation (4) models the béﬁgvior of first-year graduate bloscience
enrollments in relation to first-year enrollments in all fields of grad-
uate study. An altérnative formulation of the problem is presented in
equation (5) where the same numerator is related to an estimate of the -
number of B.A.'s awarded in the previous year in the basic scilences
(Figure 23h). This provides a contrasting. dependent variable which
measures the proportion 'of those qualified to pursue graduate biloscience
study who actually do so. C

- (5). ENlTBI/Bi_i = -0.01 + 0.061(NIH'I‘F/SAGE):;,“,5 + 0.045($B/BA)3’4,5
| (.96) (.35)

]
. -6 ' ' 2 4
- 3.3ldx 10 “(MDENR) ; R® = 0.99

© (-.31) ’

) where‘ENlTBI/Bi;l = (Bioscience Enrollment—BA Ratio). First-year total
¢ graduate enrollments in bioscience relative to
science B.A.'s in preceding year.
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Figure 23 - GRADUATE ENROLIMENTS AND DECREES IN BIOSCIENCE AND SOME
' - " "EXPLANATORY" VARTABLES . s
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" , . ($B/BA)3 4.5 = (Salaries of bioscience PhD's relative to bio-
P ' > 'science BA's). Median salary of Ph.D.'s in bio-
: science relative to the median salary of those.
with B.A.'s in bioscience, averaged over the
years 1i-3, 1i-4, 1-5.

\ (NIHTF/SAGE)3 4,5 = (Relative NIH student aid funds). NIH appro-
| _ priations for training grants and fellowships
' ' relative to total federal aid for graduate stu-

dents, averaged over the years i-3, i-4, 1-5.
Relative federal aid, although here measured as a three~year
lagged average, remains the most important explanatory variable, and
- medical school enrollments continue to have a significant negative
influence. The major feature in equation (5) is that the relative
salary variable (median bioscience Ph. D. salaries relative to median
- salaries for bioscience B.A.'s); is both positive ‘and significant, but
still weaker than the student aid variable. Thus, when we look at the
‘'variations in the transition ratio between undefgraduate and graduate
" study in bioscience, relative salaries do appear to have’ some influence
in the expected direction.

Ph.D. completion equation:

(6) (PHDBI/PHDTL) = 0.077 + 0.026(TFBI/TFIL), | + 0.075(R /R), ; R%=0.77

, S . (.68) ' (3D

where PHDBI/PHDTL = (Relative bioscience PhD production). Number of bio-
, : science Ph.D.'s awarded relative-to the total number

' bf Ph.D.'s awarded in the ith year. \

/ A ’ h

(Relative federal expenditures for bioscience trainee-

ships and fellowships). Federal expenditures for '’

traineeships and fellowships in bioscience relative

- to total federal expenditures for traineeships and

fellowships in all fields.

TFBI/TFTL

a R./R_ = (Relative federal funds for research in life sciences)
‘ Federal funds for research in the life sciences
relative to total.federal funds for research in the
1th fiscal year.

In equation'(6), the annual number of bioscience Ph.D.'s relative
to total Ph.D.'s (PHDBL/PHDTL); is dependent cn a broad measure of -
" support (TFBI/TFTL), which represents the percentage of all federal
traineeship and fellowship support allocated to bioscience, and on
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\ ,
federal research in the life sciences relative to the total, (Rl/R )
Some training grant and fellowship support to the biosciences has come
from agencies other than NIH, such as’the Consumer Protection and Envi-
ronmental Health Agency of the Public! {Health Service and the Social and
Rehabilitation Service of HEW. This. is reflected in the variable TFBI.
Note ‘that TFBI represents federal expenditures whereas NIHTF, used .in
equation- (4), represents appropriations of NIH, Although these two
_variables have been roughly parallel for most of the period between
. 1956 and 1970, they appear to diverge ponsiderany starting in 1968,
"with federal expenditures dropping sharply while NIH appropriations for
' training grants and’ fellowships remained relatively constant.:.

Thus the statistical analysis indicates that federal-government
student support, as exemplified by ‘the NIH research training programs,
“has been an important factor in attracting students to graduate study:

. in bioscience. - Medical school enrollments and federal funds for résearch

~also appear to be important factors. Medical school is an attractive

" alternative to bioscience graduate study for many students, and it is
understandable that medical school enrollment appears in the equations
with a negative coefficient indicating that bioscience graduate enroll-
ments react inversely to it.

\

-

The relationship of relative salaries of Ph.D. bioscientists to
_fgraduate enrollments and Ph.D. degrees in bioscience appears to be .
somewhat tenuous. The salary variable becomes a viable ' explanatory
variable only in equation (5),- and does not provide any help at all in
explaining relative bioscience Ph.D. production. However, the influence’
.of earnings on bioscience enrollments is complicated by the relation-of

medical school to bioscience Ph.D. programs. - Salaries of physicians are -

known to be higher than those of biloscience Ph.D.'s, but admission to
medical schools is:severely limited by the number of available places.
Many students deciding "between medical school and a bioscience Ph.D.
program choose bioscience bgcause they .cannot obtain a place in a medical
school. Marginal changes in relative bioscience ‘earnings will not lead
them to alter their preferences; instead the portion of these students
entering bioscience will depend on the number of medical school places
available. At the same time, the second choice of these students 1s so
solidly for bioscience that marginal changes in bioscience salaries will
" not affect the number of new entrants.

The failure to detect a strong and clearly defined earnings effect
on bioscience enrollment despite controlling for medical school enroll-
ments is extremely significant and may warrant some speculation on
probable causes. If the preceding argument is correct this finding
indicates that the income gap between medicine and bioscience is far too
great for marglnal increases in the earnings of bioscientists to offset
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the attractiveness of a career in medicine. At the same time with
respect to students who are not considering medicine, the finding sug-

~ 'gests_that. the same marginal changes do hot significantly shift them

. .---—ifto or away from graduate bioscience. The effect of these conclusions

is that a policy of reliance on market forces to adjust relative incomes
would. have an uncertain impact on student flows into bioscience. Instead,
the results of the regression analysis point to the significant and sub-
stantial influence of fellowships, t¥aitiing grants, and research funding
on bioscience enrollments and Ph.D. degrees. ~ e

From a quantitative perspective, equation (4) estimates that a
change of 10% in the share of federal student assistance going to
bioscience—which would mean a shift of about $60 million on the
average—would change the percentage of graduate students entering
bioscience by 2 to 3%. A similar percentage change in research funding
_for bioscience—which would mean a shift of roughly $600 million on the
average—would change this percentage by 3 to 4%.

~

. - Although there is not much empirical evidence that relative
‘salaries of Ph.D.'s in biloscience have had’'any strong influence upon
bioscience graduate'eﬁrollments and degrees, one cannot conclude. that
bioscience is totally immune to. changes in relative salaries. It is
probable that if salaries of bioscientists were suddenly to show large
{ncreases .over salaries in other fields, then one might expect relative
graduate enrollments and Ph.D. degrees in bloscience to increase ) :
eventually in response to this stimulus. The proper interpretation

of the results of this study is. that.the range of variation of relative
-galaries in bioscience .over the 1956-70 period does .not provide much
help in explaining the behavior of relative bioscience enrollments and
degrees during the same period. Any strong impact that such forces
may have had on bioscience has either occurfedvindirectly through the
attraction of, but limited.access to, medical school, or has been
largely overshadowed by the influence of direct support programs.

. FPigure 24 displays the variables in the bioscience equations in
time series form. . b ’ .

3
<

2. thSicél>Scienée and Engineering Equations

The structure of the dependent variables in the equations for
~ physical science and engineering is jdentical to that in the bloscience
" model, i.e., ratios of enrollments and Ph.D. degrees in the field
o relatiyg;gg_totals over all fields (Figure'Zéa;b). Some results for
the total enrollment and the Ph.D. ratios are presented in equations
(7) and (8). Additional equations for relative first-year enrollments’
" are shown in Appendix B. _ 122 ' ' )
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i » Figure 24 - GRADUATE ENROLLMENTS AND DEGREES IN PHYSICAL SCIENCE AND ENGINEERING
‘ : ' AND SOME "EXPLANATORY" VARIABLES [?

’
\

(b) Number of PhD's avardéh each year

~

(a) Total graduate enrollments in

’ » physical science and engineering _ 1n physical science a?d engineering
_ relative to total graduate en- - relative to total PhD's in all
" rollments in all fields (ENPE/ENTL). fields (PHDPE/PHDTL)
i W20 ‘ .‘ “ ) - .30!“
o o1 028 ".
: " a16 1
‘ «26]
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T~ ical scien¢e and engineering
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Enrollment equation:

~0.11 + 0.21($PHDCH/$PHDTL), + 0.16(RpeIRt)i
(0.35) . (0.26)

(7) " (ENPE/ENTL)

‘-

_ . = 3.6x 10"6(MEDAPP) + 0. 09(TFPE/TFTL)
/ : : (-0.60) | (0.35)

where (ENPE/ENTL).= (Relative graduate enrollments in physical science
and engineering). Total:-graduate enrollments in
physical science 'and engineering relative to total

graduate eénrollments in all fields.

(Relativewsalaries of PhD chemists). Median annual
salary of Ph.D. chemists relative to median salary
of all Ph.D.'s.

$PHQCH/$PHDTL

R /R = (Relative federal funds for research in physical |

& pe ¢t science and engineering). Federal funds-for research -
in physical science and engineering relative to
total federal funds for research.
MEDAPP = Number of applications for medical school.
TFPE/TFTL = (Relative federal expenditures for traineeships and

fellowships in physical science and engineering).

Federal expenditures for.traineeships and fellow-

ships in physical science and engineering relative

to total federal expenditures for traineeships and
‘ -fellowships in all fields.

“Equation (7) shows that the behavior of relative graduate enroll— o

"ments in physical science and engineering can be accounted for by a set
of variables which includes a salary variable $PHDCH/$PHDTL, a research
funds variable (R ./Ry), a student-aid variable (TFPE/TFTL), and the
medical school variable (MEDAPP) (Figure 24c-f). The salary variable
and the student-aid "variable have equal impact on relative total grad-
uate enrollments in this equation. Because of data limitations it was
not’ possible to introduce research funds or salaries of chemists with
time lags.

As in the biosciences, medical school appears to be a prime com-
petitor for graduate students in the physical sciences and engineering.
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The variable which seems to have the greatest impact on the propoxtion
‘0of graduate students enrolling in physical science and engineering is
the number of applicants for medical school each year (MEDAPP). This

explanatory variable has-the highest standard partial regression coef-
-ficient in equation (7) (in absolute value), and also in other enrollment

equations shown in Appendix B, indicating that it has the highest relative
The regression coefficient of

-importance of all variables in the set.
MEDAPP 1is negative, reflecting the fact that an increasing number of

medical school applicants tends to draw down.the pool of graduate students

availlable .to the physical sciences and engineering, even though one
might imagine that such ‘individuals have different aptitudes and interests

There are'no significant, intercorrelations among the explanatory “

variables in equation (7), so the standard partial coefficients are

fairly’ reliable indicators of the relative importance of the variables.

| The similarities of the physical science equations for enrollments

with those for bioscience are striking. The influence of medical school
Student -

variables and federal funds for research are roughly the same.
aid is highly significant in both fields but more S »in bioscience.

Bioscience enrollments are most responsive to NIH fellowships and training
reflecting the

grants while in the physical sciences the best variabl

impact of student aid is total federal support for training in the physi-

cal sciehces. .
One can only speculate abont'the reasons why the effect of salaries
equations than in the bio-

emerged more clearly in the physical scienc
The most likely explanation involves the very close and

- science omnes.
complex relation between graduate bioscience and medical school dis-

cussed above.

Ph.D. completion equation: . _
(8) (PHDPE/PHDIL), = 0.02 + O.11(NINTF/SAGE), ; + 0.09(TFPE/TFIL) _,
| | (.65) C(445)
RZ = 0.92

+ 0.02($F/TL)i
(.27)

1]

where PHDPE/PHDTL _ )
duction). - Number of Ph.D.'
engineering relative to total Ph.D

| - 125
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:ive federal expenditures for traineeships and

rships in physical science and engineering).

11 expenditures for traineeships and fellowships

'sical science and engineering relative to total

11 expenditures for traineeships and fellowships
fields._ -

:1ve NIH student aid funds). NIH appropriations
‘aining grants and fellowships relative to total
t1 aid for graduate students.

:ive faculty salaries). An index of faculty
.es prepared by the ‘American Association of
'sity Professors, relative to the -median annual
r of all scientific and technical personnel

‘ed in thousands of dollars.

tion (8), the ratio of faculty salaries to the
fessionals ($F/S$TL), helps to explain the behavior
:tion, but the student-aid variables (NIHTF/SAGE)
24c, e) provide most of the "explanatory" power.

!. SUMMARY AND CONCLUSIONS

:onomic growth'undoubtedly account for much of
mrollments and degrees in higher education that
1any years in practically all fields and at all
iriables in higher educatidn are examined in

ms in the rates of growth emerge which -are more
of the effects of relative salaries and federal
wrograms. Market forces, federal research
ipport programs for students all seem to‘:have
:ing the flow of students through graduate

.ysis of the flow, at several.levels.and in ,
wvidence of a strong correlational ‘relationship
ients, and degrees on the one.hand and federal -
yport on the other. . As with cigarette smoking
ttion does not prove causation, but repeated and
i at different levels and in different fields
mship.

» reflected in salaries of college graduates,
itrongly at the B.A. level. The effect of this
‘'ollments does not seem to be quite as strong as




direct student support and it generally seems to take more time for its _
influence to be felt in gradtate education. Apparently the impact of
market forces varies from field to field. In the physical,sciences\and ‘
engineering, salary differentials seem to play a larger role than they
do in the biosciences where there is Very little clear-cut evidence of
direct influence of salaries during the 1956-~70 period. N
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YEAR OF TRAINING, ACADEMIC LEVEL AT FIRST AWARD, AND FULL-TIME/PART-TIFE STATUS, 1938-72

/

O

ERIC

Aruitoxt provided by Eic:

TABLE A 1 NUIMEERSDF PERSONS TRAINED IN THE RESEARCH TRAINING PROGRAMS OF NIN BY PROGRAM TYPE
. ‘ : PROGRAM TYPE .
YEAR TRAINING ACADEMIC LEVZL . TRAINFES - FELLOWS TOTAL INCLUDING UNKNOWN PROZRAH
STARTED |AT FIRST AWARD | FT  PT  UNK  TOTAL| FT. T UNK TOTAL| T PT UNK  TOTAL
PRE-PHD - emm een | - —- el B — m—— -
POST-PUD - e e — ] 207, e e 20 0 - - 20
PRE-MD e - = | - e el
1938-45 POST-MD . m— e -— - 10. 2 - 121 10 2 -- 12
POST-MD/PHD e == | e smm mem eme T eme e —— -
POST-YD/PRE-PUD | === ===  ow- | - el ——— -
CTEER = e e | - S e
UHRNOWN e -— ! 8 I 1 9 89 7 1 97
10TAL -~ ems eem - [ 119 9 1 129 119 9 1 129
PRE-PHD s e ol |- —— - (a) —— - —— -
POST-PHD 7T e e 7] 1s 11 - 126 122 1 - 133
PRE-MD - e e L [ = e e | e e — e
- 1946=50 POST=D 2. - -— 2] N4 13 — 327 316 13 -_— 329 !
POST-¥D/PHD —— = - -1 13 1 - i) 13 1 —-- 14
| FOST-MU/BUE=PHD | =w= " aom | ame c aem | o TS S —— -
OTHLR . BT - e | e e e e
LRKIORN et T Y ) 16 | 83 3 o6 |
TOTAL IR — 9 -] 1025 57 11083 {1034 57 11092
PRE-PHD R — | - - e () e - eem
POST-PED 19 ) S 20 | 280 13— 293 | 299 - m
PRE-YD e - — | - e B - e
1951-55 BCST-D 20 1 2 23 3% ¥ e 390 394 17 2 413
POST-MD/BHD | =mm = ol — 9 1. — 10 9 1 — 10
POST-MD/PRE=PHD | ===  =em e - | - - e L _— -
CTHzR — e e — | - —— e e ] e e o e
: 15 3 1 19 | 1303 72 2 1377 1318 15 3 139
54 3 3 62 | 1966 102 ' 2 2070 2020 107 5 an
132 146 3 - 88l 86 4 —— 90 818 150 K} 9
283 137 -— 420 | 448 35 1 484 731 172 1 .904
250 U8 - 498 | --- -— -— - 250 248 =~ 3498
1956-60 2011 kY4 K} 2388 736 20 -— 756 {-2248 395 3 3146
' ) 55 13 m— 68 35 1 -— 36 90 14 -—- 104
POST-YD/PRE-PHD | 45 3 — 48 2. -— —— 2 47 3 — 50
' OTHER 86 89 -— 175 | - —— — —— 86 89 -— 175 .
UNXNOWN 850 8st’ 1 1702 | 2335 318 4 2657 31907 1178 5 4313
[ TOTAL 4312 1861 7 6180 ( 3642 378 5 4025 7960 2249 12 10221
) Tﬂ‘ = Full-tims (equiv_llenr. of ona academic year of training) -
PT = Part-time o -
.



TABLE A 1 Continued

YEAR . P TYPE b
TRAINING ACADEMIC LEVEL . TRAINEES . FELLOWS TOTAL INCLUDING DM\.\CW PROCRAN
STARTED AT. FIRST AWARD T M CURK TOTAL{ FT PT WK TOTAL| FT PT [ TOTAL

| PRE=FHD | 7662 1489 40 91911 1438 42 2 " 1482 9107 ],539 42 10655
! posz-pup 890 © 332 '3 1205| - &2 1 <Uses | e 3 6 20%
. PRE-!D 2188 3938 . 3 6129 1 —— - 1 2193 3942 k) 6138
.1961-65 POST-MD 6984 997 13 7994 1387 32 2 . 'x 1421 8380 1033 15 9428
. POST-HD/PHD . 2l4 38 — 252 15 Tl . -— 76 | 290 39 —— 329
! | POST-HD/PRE-PHD| 465 41 1 S07( 114 4 1 119 579, 45 2 620
OTHIR . 906 1399 - 2305 219 4 —-— 223 1125 1403 — 2528
UNRNOWN 320 . 248 —— 568 532 -1 1 550, 856 2n 1 1128
TUTAL . 119629 ° 8482 60 28171 4590 142 9 - 4741 2424 8646 69 32959
PRE-PHD 15483 2062 — 17545 1421 14 21437 116904 2076 2 716982
POST-FHD 1708 389 —— 2097] 1555 82 9 1646 3263 47 9 3743.
' : PRE-MD - 1627 666 — 7793 2 - ~—— 2 1629 6166 ——— 7795
1966-72 POST-HD 9262 1270 8 10540 1011 23 ' 8 1042 | 10273 1293 16 11562 »
| PL‘ST-.‘;D/PHD 132 12 P 117 49 3° -— ) 52, 151 15 fmm— 195
POST-MC/PRE-PHD] 701 58 —— 759 139 7 1 147 840 65 1 - 906
CIHER T S84 2008 e 2592 k) —— ——— 3 5867 2008 - 2595
CRKNOWR - — —— —— 1080 21 2. 1103 1080 21 17 1103
TOTAL 29497 11965 8 41470 5260 150 22 5432 | 34757 12115 30 46902
- PRE-PRD 2 1 4 7 6 29 k) 66 8 30 35 73
POST-PHD -— 1 2 k) — 1 35 2 — 8 kY [}]
PRE-YD T 1 3 s 2 1 3 6
" PCST-)D 1 4 48 53 — 2 15 17 1 6 63 70
UNKNORN POST-YD/PHD | -o= - 1 1] - - 1 1 - - 2 2
! POST-MD/PRE~-PHD| wew ——— —~ -——— — —— 2 2 — —— 2 ,2
OTHER B O 1 1 3| - 2 1
UNKNOWN 7 16 70 93 1 30 4 .8 ” 8 19 . N <101 -
TOTAL 12 % 128. 164 7 42 89 138 19 66 217 302
PRE-PHD, 23879 . 3693 47 - 27624 | 2951 89 35 3075 {26837 3795 82 30714
?0ST-PHD 2907 860 S 32| 3242 190 48 3480 | 6149 1059 53 7252
PRE-MD 4067 10353, < 6 14426 k) —— o= k) 4074 10357 o 14487
ALL YEARS POST-MD .. 18280 26k6 ) ?4_ 21000 | 3832 108 25 3965 22122 2759 99 .24980
1938-72 ' POST-MD/PHD 401 63 1 465 181 7 1 189 583 70 2 655
T POST-MD/PRE~-PHD{ 1211 102 1 1314 255 11 [ 270 1466 113 5 1584
OTHER- 1576 3497, == S073| 222 5 1228|1798 3502 1 s
UHKNOWN 1192 1li8 72 2382 | "5923 40 15 6408" | 7124 1603 87- ©  88l4
TOTAL. F3513 22337 206 76056 | 16609 880 129 17618 |70153 23249 335 97137
‘Source: NIB Roster Of Trainees and Fellows, 1938-72, Summary Pile B, Connfssion on Human Resources, NAS/NRC, “August 5, 1975.

A few predoctoral fellowships were awarded beginning in 1946.
scanty data so it vas not possible in 211 cases to identify the scademic lavala. Most of the early predoctoul avardaea
are counted in the "other and unkaown"

scademic level category.

The records of theas fellovs had to be reconstructed-froms

6] ‘ndividuals with unknown progran types are included in the total.
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Table A2 - NUMBER OF PERSONS TRAINED IN THE RESEARCH TRAINING PROCRAMS OF NIH . :
: BY INSTITUTE AND SPECIALTY FIELD - o . T

- . INSTITUIE )
SPECIALTY FIELD NID NIWD  NCI NICHD NIDR NIEHS  NEL NIGMS | NELI  NINDS - T0TAL
AT FIRST AWARD ~ - . -
BIOMEDICAL SCIENCES, ! ' L : . " |
) TOTAL | lasw wes s 150 1648 L0 21 26816 6353 171 48938 | St
ANATOMY , 7. 59 100 %330 -2 2 173 2% 122 2005
BIOCHEMISTRY } 63 Me ey 17 18019 1 633 56 101 7806
BIOMATHEMATICS - - 1 1. = 2 - B4 e 88
. BIOMEDICAL ENGINEERING | == 6 1 e 192° 1 1 824 513 11 1549:
BIOPHYSICS S 16 % 104 PR 3 2 2080 169 20 2449
CYTOLOGY 2 2 28 6 5  e— o == 3210 4 89
'GENETICS ; 33 3 302 1271 59 § - 2069 19 5 2698
DIRNOLOGY e e @ 10 W 1. -— M 26 122
A WICROBIOLOGY/BACTHRIOLOGY| 2269- ~ 36 229 . 11 12 32 =— 267 s 15 ooswo | P
MOLECULAR nmm/ J w1 8 33— v 1 1 8 1 100 L
PAMSITOLOGY | 510 = e e e 3 i e eem o= 513
|

O
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Table A2 - continued

INSTITUTE -
SPECIALTY FIELD NIAID NIAM  NCI NICHD NIDR NIEHS  NEI NIGMS  NHLI  NINDS TOTAL
AT FIRST AWARD » :
" BIOMEDICAL. SCIENCES ” : ’
. (antinued) ¢
 PATHOLOGY ° R 17 S B 171 7105 6 1Y 2148 405 200 - 4490
PHARMACOLOGY 7 9% 183 8 91 68 - 2394 569 . 101 3523
PHYSIOLOGY ¥%,W6 13 339 12 . 70 10 2646 2304 397 6311
BIOMEDICAL SCIENCES, OTHER 110 213 1150 742 293 41 303146 1211 366 7313
- BOTANY - N 1. 4 1 1 .19 = 13 . 6 2 19
‘- ‘ . /
" ECOLOGY 12 e e 3 b o - - R 63
. ENTOHOLOGY %2 2 1 1 6% e 2 1 /
ENVIRONHENTAL SCIENCES R 20 1. e 705 = 2201 2 - 93 o
FOOD SCIENCES/NUIRITION | =-= ' . 34 2 5 34 30— s64 15 2 798 o
HYDROBIOLOGY 1 — e 1 2 B - - 29 - 47
PHARMACEUTICAL SCIENCES | == == wme wme 2 1 e eem mem e -3
200L0GY 64 9 164 - 75 6 22 = 86 38 19 48
i .
.
. . '
— I - . 147
/“‘ ‘
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»Table A2 = continued g ' . )

\

| . INSTITUTR
" SPRCIALTY FIELD — —
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Table A2 » continued
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Table A3 - AVERAGE LENGTH OF NIH SUPPORT AT EACH ACADEMIC LEVEL

FULL TIME PART TIME ' TOTAL

YEAR OF : ACADEMIC -] Mean lengtﬁimrof : Mean length{# of :Mean lengthl # of

AWARD . LEVEL - of support [trainees jof support |trainees| of support trainees

i (months) per level| (months) |per leve] (months) | per level

t . . .
o Post-PhD , 28.7 22 ame- cnnn 28.7 22
1938-45 Post-MD . 30.2 1 ' Aa) 24.6 14
Other & Unknown 20.0 91 _ (a) 18.9 98
Post~PhD 18,2 .| 137- 5.2 13 170 150
™) Post-MD 15.5 318 3.8 14 15.0 332
+ 1946-50 Post-MD/PHD T 15.7 . 13 (a) - 14,7 - 14
C Post-MD/Pre~PhDy ' (a) ~——— .mn- : (a)
< Other & Unknown|  17.5 571 4.6 41 16.6 612
Post~PhD 16.9 '} 419 4.5 29 . 16.1 448
195155 Post-MD - 1.3} 426 5.1 22 16.7 448
Post~MD/PhD 16.9 10 . (a) ) 15.5 11
Other & Unknown 16.2 1366 4.8 91 15.5 1457
Pre-PhD 27.8 798 3.8 224 22.5 1022
, Post=PhD . . 20.2 916 4.0 215 171 1131
195660 Pre-MD . 17.4 132 3.2 388 6.8 520
‘ . . Post-MD 19.4 2844 4.4 469 17.2- 3313
Post~MD/PhD - 19.1 122 4.2 23 16.7 145
Post~MD/Pre~Phl] 28.3 48 3.9 20 21.1 - 68
Other & Unknowr 16.6 3426 3.3 1555 12.5 4981
Pre-PhD 28.0 9796 3.8. 2024 23.8 11820
Post~PhD 19.6 1 2668 3.6 509 17.0 3177
. Pre-HD , 15.3 770 3.3 . 5798 4.7 6568
1961-65 Post~-MD 20.3 8894 4.0 1154 18.4 10088
Post-MD/PhD 16.6 438 3.4 90 14.3 528
Post-MD/Pre~PhQ] 25.4 977 4.3 128 23.0 1105
Other & Unknowr| 13.5 1976 2.7 2539 7.4 4515
Pre-PhD 27.2 13482 3.8 1928 24.3 15410
Post-PhD - . . 18,7 4514 3.8 676 16.8 5190
o Pre-MD 23.3 749 . 2.3 5785 4.7 6534
1966~70 ‘Post~MD 19.5 9317 4.3 1014 18.0 10331
Post-MD/PhD 19.7 + | 2713 4.1 32 18.1 .305
. Post-MD/Pre~Phl] - 25.9 1064 4.1 - 97 24.1 1161
Other & Unknown 13.8 2832 . 2.5 2118 9.0 4950
: Pre-PhD 27.5 24076 3.8 4176 24.0 28252
. Post-PhD 19.1 8676 © 3,9 1442 16.9 10118
AL Fre-MD 19:1 1651 2.8 11971 4.8 13622
1938-70 Post-MD 20.0 21810 4.2 2713 18.0 24526
d Post-MD/PhD 17.9 856 3.7 , 145 15.8 1003
Post-MD/Pre-PhDy  25.7. - | 2089 4.2 245 " 23.5. 2334
Other & UQ& 15.3 10262 2.8 6344 10.5 16613
- \

Source: NIH Roster of Trainees and Fellows, 1938-72; Summary File B; Commission on
Human Resources, NAS/NRC, Washington, D. C. July 28, 1974.

(a) Less than 10 observations.

(b) Pre-Ph.D. fellows pére supported as early as 1946 according to the NIH Grants
and Avards Report for,that”year, but difficulties in determining the academic *
level from early NIH records prevented them from being identified in the data
base. For this reason, the early pre-Ph.D.'s fall into the "Other and Unknown"
lcndemic level in this table.
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lelc AL - PHD ATTAINHFNT RATES FOR SUPPORTED AND NON. SU
—s = N Al AN -SUPPORTED ka
IN THE BIOLOGICAL SCIENCES, POR BA YEARS 1941-1955

‘\.\ -
B NG .
Received Pad >~ Did Not Receive —
_ .o by 1973 ~{ PhD by 1973 '
Year of BA | Sourca of Pre-PhD Support A Z of . & of
. e f - Total § - Total .Total §

} Traineca |Full-time 26 56.5 . 20 43.5 46
: Part-time 6 66.7 3 33.3 . 9
Total 33. 58.9 23 “a1.1 56
Fellowa Full-time 13 . 81.3 3 18.8 . 16
NIR . Part-time - - - - T -
: ‘| Tocal 13 81.3 J 18.8 16
. Total Full-time 39 62.9 23. - 37.1 62
1942-45 ‘| - Parc-cime 6 66.7 - 3 33.3 9
Total - 46 63.9 26’ 36.1 72
NDEA(D) 4 80.0 1 20.0. 5
Woodrow Wilson Fellows = - = bt -
. Traineea L - - - - -
NSF Fellowa 6 85.7 1 143 ?
Total 6 85.7 S , 14.3 7
Total with Known Supportla) 68 67.3 33 ,32.2 101
No trainee or fellowship suppt. 46 L 4.4 - 65 -58.5 . 111
Trainaes Full=-time - 174 69.9 75 30.1 | 249
Part-time 30 ‘60,0 . ._.]..20 40.0 50
Total 207 68.1 97 31.9- 304
Fellowa Full-time 44 88.0 6 -12.0 50
NIH Part-time 4 66.7 2 33.3. 6
. |Total 48 85.7 - 8 14.3 56
Total Full-time 218 - 72.9 . | 81 27.1. 299
1946-50 - |Parc-time 34 60.7 22 39.3 56
L Tatal 255 70.8 105 29.2 360
EA{b) 11 - 68.8 -- 5 31.3 16
Woodrow Wilson Fellows - - , - - -
Trainees - . - - - -
NSF Fellowa 11 78.6 3 21.4 14
Total ) 11 78.6. 3 21.4 14
: Total with Known Support(a) 302 71.7 119 28.3 421
No trainee or fellowship suppt. &2 57.9 309 4c.1 7134
Traineea |Full-time 478 80.7 114 19.3 $92
© o |Part-time 108 76.6 33 23.4 141
Total 596 79.7 152 20.3 748
Fellowa Full-time 169 ~91.8 : 15 8.2 184
NIH 1Part~time 14 100.0 ~ - - 1%
Total 187 . 92.6 15 7.4 202
Total Full-time 647 83.4 129 16.6 776
i Parg-time 122 78.7 Kk} 21.3 155
1951-55 Taral 783 82.4 _162 17,6 950
. RpEA(D) 24 64 9 13 35.1 37
Woodrow Wilscn Fellcws - - - - -
Trainees 1 50.0 1 50.0 2
NSF Fellova - . 46 92.0 4 - 8.0 50
Iotal ) 47 90.4 5. 9.6 52
Total with Knoun Supportid) 930 81.0 218 19.0 1148
No trainee or fellowship suppt. 493 5447 408 45.3 E[)

Sourcea: NIR Roater of Trainees and Fellows, 1938-72, Couprehensive FPile of Doctoral Scientiata
and Engineera, 1935-73, Cunulative Index of NSF_Traineea .nd Fellovl. 1952-71, Coa-
misaion on Human Resources, NAS/NRC, Huhingr.on b. C. S

RDEA Fellows, 1959-72, Office of Eduu:ion, U. S. Depntunt o! Realth, Education and
Welfare, Washingcon, D. C.

Woodrow Wilaon Fellows, 1958-69, Woodrow Wilson National Fallovship Foundation,
Ptincatoan, N. J. ’

®The total with known aupport is less than the fo:.‘l from all sourcea of aupport becauss aome
peopla had multipla sourcea of aupport and are counted in uch ona, but ara counted only onca
in tha total.

b'ﬂ’ll NDEA program ia operationally equivalent to s traineeship even thoug.h it ia cellad a fal-
lovahip program. For thia analyaia, tha NDEA paopla ara considered to be traineas rather than

allovs. 1 4 7
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Table AS - MEDIAN TIME LAPSE FROM.DEGREE TO FIRST APPOINTMENT . . )
by specialty field at first appointment
and academic level- ' _ N

BA TO FIRST PRE-PHD APPOINTMENT
(Months of Elapsed Time)

.o - . 'Year of First Award : :

' . 7 + 1956-60 1 -1961-65 T 1966~-70 1971-72 Total, All Yrs
Spec%plf& Field at ‘| Time ~Number | Time Number | Time Number | Time  Number| Time ‘Number
First Appeintment Lapse Suppt.| Lapse Suppt. Lapse Suppt. Lapse Suppt.| Lapse Suppt.

GENERAL BIOLOGICAL o
19442

SCIENCES SUBTOTAL | 30.6 233 17.8 7197 | 16.2 9993 15.7 2019 16.8
Biochemistry | 18.3 53 1.0 1574 6.8 1968 10.5 373 9.2 3968
'Microbiology . 53.5 49 26.3 1400 | 22.5 1710 .| 23.3 407 24.1 3566
Physiology | 28.5 16 22.8 1000 | 24.8 . 1102 20.3 . 205 24.3 2323
athology 44.5 10 27.9 180 | 22.8 204 4.1 52 25.2 |46
* Pharmacology 18.9 28 16.3 - 555 | 14.4 ‘811 14.0 -+ 200 15.0 1594
- 17.5 19 17.2 483 [.15.5 635 16.4 103 16.1 1240
.. 40.5 22 |.18.9 453 | 16.3 . 679 15.5 120 18.1 1274
- BYophysics (a) 3 17.0 564 | 14.4 637 4.9 141 | -15.5 1345
Birlogy . ¢ | (@) 7 26.7 215 | 34.2 736 24.5 96 28.5 1054
Miltidisdiplinary| — - 20.2 121 | 18.3 256 6.7 64 17.1 461
Other, 40.5 26 | 19.9 652 | 25.0 1255 23.2 258 26.0 2191

CLINECAL MEDYCINE -

AN nsuris;gy lso.s 16 _[28.7 31 | 26.2 383 | 28.9 79 | 27.5 827

MISC.} HEALTH FiELQE\ 34.5 31 25.7 851 | 27.3 1831 28.4 321 ‘| 27.0 3034

BEHAVIORAL SCIENCE \\\\\\

AND PSYCHOLOGY | —— . — | 25.2 400 | 2.8 1521 ¢ '27.1 332 | 25.2 2253
EMP, OTHER | 32.5 10 |21.2 se2 | 27.4 799 | 27.4 64 | 26.1 1335
UNKNOWN FIELD - — ] (@ 5 S — -— - (a) 5
GRAND TOTAL 31.0 288 | 19.0 9266 | 21.5 . 14527 | 20.2, 2815 | 20.1 26896

Sources: NIH Roster of Ttaineeé and Fellows, 1938-72, Doctorate Records File, 1935-72,
Commission c¢n |Human .Resources, NAS/NRC, Washington, D.C.

(a) Less than 10 obse ations.

= _ .
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iable AS

(Cont.) - MEDIAN TIME LAPSE FROM DEGREE TO FIRST APPOINTMENT

.by specialty field at first appointment -
H R . B

PHD TO FIRST PHD APPOINTMENT
(Months of Elapsed Time).

Year of First Award;

o 1956-60 1961-65 1966-70 1971-72 otal, All Yrs.
Specialty Field at Time Number| Time Number| Time Number | Time Number | Time Number
First Appointment { Lapse Suppt.| Lapse Suppt.| Lapse Suppt.{ Lapse Suppt. | Lapse Suppt.
. i N
GENERAL BIOLOGICAL ’ . _ g )
SCIENCES SUBTOTAL 14.3 630 10.0 1906 5.6 2604 - 7.1 1075 8.0 6482
Biochemistry 12,6 165 [ 9.4 419 |7.6 511 10.6 238 9.1 1543
Microbiology 11.1 1 8.5 304 4.4 388 4,7 141 6.2 934
Physiology 38.5 99 (11,7 216 4.6 331 4.7 151 .8.8. 819
-Pathology 25,2 33 16.1 41 3.7 52 5.5 38 8.2 169
Pharmacology 11.2 34 6.0 110 3.6. 142 5.8 87 4.9 - 387
Anatomy 4.5 32 9.2 109 4.3 126 3.2 54 6.0 333
Genetics 30.5 32 . 9.7 175 4.5 224 7.6 76 8.0 515
. Biophysics 13.0 19 13.5 187 9.3 152 15.2 50 ° |12.8 413
Biology 9.8 66 14.9 120 6.3 368 . 5.4 165 7.0 764
Multidisciplinary 28.5 14 4.3 23 7.8 39 24,5 10 8.5 86
Other 13.9 65 11.9 142 6.9 211 7.8 65 - 9.9 519
CLINICAL MEDICINE . i
AND DENTISTRY 30.9 60 27.8 96 10.7 190 7.4 102 15.5 469
MISC. HEALTH FIELDS | 30.5 20 27.0 95 30.5 164 19.0 BI/”\\\ZS.B 364
BEHAVIORAL SCIENCE . ;
AND PSYCHOLOGY (a) 4 17.3 82 11.0 225 7.5 51 12.2 362 :
“EMP, OTHER 10.8, 89 7.4 154 4.3 301 11,2 154 7.3 750
UNKNOWN  FIELD (a) 8 | (a) 3 1 . - - - 16,8, 41
.GRAND TOTAL 14.9 811 10,7 2336 6.2 3484 7.8 1463 8.5 8468

Sources: NIH Roster of Trainees and Fellows,
" Commission on Human Resources,

NAS/NRC, Washington, D, C.

(I). Less than 10 observations.
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Table AS (Cont.) - MEDIAN TIME LAPSE FROM DEGREE TO FIRST APPOINTMENT
by ‘specialty field at first appointment

.

MD TO FIRST MD APPOINTMENT
(Months of Elapsed Time)

Year of First Award

1956-60 — |- 1961-65 1966-70 1971~72 - |Total, All Yrs.
Specialty Field at Time  Number | -Timeé Number | Time Number | Time Number | Time Number
First Appointment Lapse Suppt.| Lapse Suppt.| Lapse Suppt. Lapse Suppt. Lapse Suppt.
\ GENERAL MEDICAL AND
" BIOLOGICAL SCIENCES . L :
SUBTOTAL 44.2 804 | }|.49.5 3457 42.0 ) 1871 | -50.5 336 33.8 6513 -
Bidchemistry ' 41.2 - 71 '} 53.6° _.284 49.8 138 40.5 20 ] 50.6 519
Microbiology 63.9 66 54.3 342 50.8 183 62.2 35 53.1 627 -
. Pathology 40.0 266 41.8 1183 28.0 592 ) 40.3 109 39.3 2155
Physiology o 51.9 101 51.5 651 51.8 328. 63.0 46 S51.7 1129
. , CLINICAL MEDICINE e v S : _
SUBTOTAL . 43.4 1682 ]| '51.6 6350 50.5y 8415 51.4 2015 50.7 18473
: Internal Medicine | 50.8 724 52.5 3053 .| 52.0 = 3515 61.0 845 52.2 . 8140
. Pediatrics 52.5 48 67.6 460 65.5 588 | 52.5 138 65.0° 1237
Radiology 60. 10 63.6 239 53.1 562 57.3 197 57.8 1003
Surgery 50.0 126 62.5 - 649 49.4 1060 51.4 226 51.2 2065
Ophthalmology . 37.0 169 | 39.7 510 39.4: 630 49.3 123 39.4 1432
. . Neurology B 36.8 402 37.4 743 37.4 836 37.1 187 37.2 2169
¢ . Other 50.5 . 203 52.0 696 "50.5 1224 50.5 304 50.8 2427
CLINICAL DENTISTRY 39.9 145 39.7 370 "37.3 . 206 16.5 32 3&12 753
MISC. HEALTH FIELDS 71.7 86 67.0 429 50.6 285 51.8 45 62.8 845
BEHAVIORAL SCIENCE | . | s ;
‘AND PSYCHOLOGY (a) . 2 70.4 25 32.5 42 - (a) 4 ﬁ0.2 73
| ©MP, OTHER (a) 9 43.5 23 [38.5 - 12 (@ 1 |iw.2 a7
( 5
: UNKNOWN FIELD (a) 1 (a) 2 — e _— -~ (a)- 8
GRAND TOTAL. 44,3 2729 51.1 10656 §50.1 10831 51.1 2433 50.3 26712

Sources: NIH Roster of Trainees and Fellows, 1938-72, Doctorate Records File, 1935-72,
Commission on Human Resources, NAS/NRC, Washington, D. C.

.

(a) Lless than 10-observations.
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Table A5 (Cont,) - MEDIAN TIME LAPSE FROM DEGREE TO FIRST APPOINTMENT

by specialty field at first appointment

PHD -TO FIRST MD/PHD APPOINTHENT
(Months of Elapsed Time)

. Year of Firgt Award

Specialty Field at
First Appointment

1956-60 1961-65 1966-70 1971-72 ;Total, All Yra,

GENERAL MEDICALAND
BIOLOGICAL SCIENCES
SUBTOTAL

Biochemistry
Microbiology
Pathology
Physiology

CLINICAL MEDICINE

SUBTOTAL

Internal Medicine
Pediatrics
Radiology

Surgery
Ophthalmology
Neurology

Other

CLINICAL DENTISTRY
MISC. HEALTH FIELDS

©
BEHAVIORAL SCIENCE
AND PSYCHOLOGY

EMP, OTHER '
UNKNOWN FIELD

GRAND TOTAL ~

Time. Number| Time Number| Time Number | Time Number | Time Number
Lapse Suppt.| Lapse Suppt.| Lapse  Suppt. Lapse Suppt. Lapse Suppt.
49.5° 43 42.5 108 20.8 85 27.2 30 30.5 274
(a) 6 10.5 10 11.5 13 . (a). 3 12.5 32
(a) 4 1405 15 15.5 11 (a) 2 16.5 32
46.5 10 58.5 23 26.5 18 (a) 2 41.5 . 53
50.5 10 - 63.5 19 (a) 9 _(a) 5 28.5 46
3.5 28 | 572.5 43 37.3 .63 49.8 32 39.8 168
(a) 7 " 38.5 18 37.8 20 4 44,5 16 49.8 62
(a) 2 (a) 3 (a) 6 . (a) 2 34,5 ' 13

- - (a) 3 (a) 3 (a) 1 (a ° 7
(a) 3 (a) 1 14.5 11 (a) 3, 16.2 19

- - (a) 4 (a) . 4 (a) 1 70.4 10
18.5 11 (a) 9 38.5 13 - (a) 6 39.8 39
(a) 4 (a), 5 (a) 6 (a) 3 40.5 18

- k- (a) 3 - - (a) 2 (a) 5
(@ 5 |(a) 8 [16.0 11 - - 3.5 25
(a) 1 - - (@ 1 (a 1 (a) 2

- (a) 1 (a) 4 (a) 1 (a 8 .|
46.5 77 46.5 163 26.0 164 38.7 66 35.2° 482

Sources: NIH Rostér of Trainees and Fellows, 1938-72, Doctorate Records File, 1935-72
Commission on Human Resources, NAS/NRC, Washington, D. C.

(a) Less éhan\}o-observa:ions.
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Table A6 - PRINARY NORK ACTIVITY AND TYPE OF EXPLOYER DURING 1968-10, BY COHORT AND TAINING PATHVAY

. RIMRY VORK herry T OF peLoven
‘ ) o POR, [ " MED
. 16T/ RES/ [TEACT ISERVICES | rozal, kvows| - | busy SCI/ |SELF OTIER | TOTAL VoW | . T0UY {n
e of 4 _ Tralning Pathvayd DMIN DEV | ING [ro morv,| KOWN| TNDUS | Unry QIO PATIMAY
) A L ! , i}
Yotlp's I AR I 1 LN 20 I T I B IO TR
Ls Yo peeethd 1UPROL =30 2hD 2GR 8.S| 05 100.0 189 | 13 | 1.6 69,8 31256 11000 129 s 853 982 -
2 AU wlth ore-PhD Swmatovno B0 | == | = (1000 .. W0 10 | 12t | me | 6360 -~ | 3604 | 1000 N )
3 Total--non-2hyTy ) .6 [ &5 134l 0.5 1000 299 | e14 | 1.4 89.31 2.9 1 26,4 | 100,60 140 87 1013
b, §o pre=rhi—s D= no post Php | 3B (216 [ 409 37 100,0 850 {10223 | 20.4 | 0.9 3.6 1 15.1-1 100.0 8665“ 9708 180
34 NI pre-PhD—= PhD —pno post Php | 60.0 4200 | 0.0 - | 10000 s 51 - 1800~ |20 000 5 5 10
6. Non-11H pre=Ph0=s PD ng poat o ' :
L ' 821182 16360 = |00 1| u |~ o] 831200 12 | 10 2
RS ewns pre-Eal support [ 313 (18,6 [ 50.0 o= 1000 16| 161 o [882] 11,8 |'100.0. 17 15 kY
8. BhD's with KLl post-Fnp support 1 18,8 43,5 [ 31,7 | - 100.0 69 W Lij8g |- 16.7,11000 712 % 107
9. 300's with non-¥1H pout-php o ‘ o] '
support W20 6881~ Lo 106 | 5[ 1g) g |- 181000 13 | w9 163
110, Total--Phn's with post-Phd suppt, | 16,0 127.4 66 - 100.0 175 5 | L6909~ 1.5 11000 186 8 210
I . Lu)_'i n T T )
ud ‘
N. . 11, NIY pre-'Desno posteiDdno Ph) { == | em | . - - - - L R N e - -~ -
B No LTI preetl~»no post-}D—p . : : ’ .
|13 C no M E 671191 131 90,1 100,0 243 | 3% 0.2 4.8 19,4 | 15.7 | 100.0 08 | ¥ T e
1. Total-}D's vith no further ety 6.7 (L9 L3 T 900 100.0 4243 | n 0.2 4.8 119.4 {157 {100,0 L L T
1, NIW pre-D-d 1 postoNdmpno Php | e e |- R I BT AEURE R PR I T NN Eae
; 13, No SN pre-tu=> N1H post-ipy 1 : -
no PhD B B9 faa | ag 1000 4§ B Tar 108258 1000 @ Ity 61
1 TT6 ot s VIt R oreT, T A
nn Phy ' 1,0 3.9 210 | 413 | 1000 ) 15 1 == 47 9,8 1955 |100.0 4 14 6l
17, 801 pre=11h=»no HIH post-Hgmp Ph) 100.0 [ == |- =000 1| - = {1000 [== = ]2000 1| l
18, Yo 2LIl pre-YD—ano $IH postelfs
_ , Phd IR0 667 [ 1000 45 | 4 10,0 35 218 1 25.0 (100,040 § 1)
] 19, NIH pre=D=p3il posteiimdph) | “ | A el BT ISR IESI P DU PR -
/ 20, Yo BIN pre-ip—bll post-Im-=>Ph0 | 60.0 | <« 1200 | 20.0 1000 § T4 = 500 J16.y | 1) 1000 6 b . 12
/ 2. Total~!D"s vith Fh, no further ,‘ 1 .
' ' Jupport 2.5 2.6 1 18] 431 ¢ 10,0 % 0o)oa.s ] 0.4 s 3.5 11000 & 13 62 .
2. Yo MMil prestDesno NIN post-1D~ ‘ . ' '
Pifl~ K1l post YD/ Phn NIMI NI e 1000 9 N - 18 1000 1L | - 1
23, Yo IR pro-D~sulit post-t= - | ‘ )
Thi) s 8111 post-n/phn o= e = 11000 2000 1 | e = | j= [100,0 |100.0. 1} - l
2, Total--40's with N post KD/phD \\ ' 1 .
support RORI 001001000 10| 2 | a3 |66 |- |20 0.0 12 | - n
' ‘ N
\ TOIAL N\, 1m0 |umg ‘ 139210 | e
\ " LIRS ] .
\\‘

8ot K.D.'s without o Bk, year of B.A, vis spproxinated by subteacting fout from year of 4,0,

b1a" thds table NIH support {a defined " t'u\ll-:lm support at ag acadenie level,.
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Table A (contﬁ'lued) - PRIMARY WORK ACTIVITY AND TYPE OF ENPLOYER DURING 1968-70, BY CORORT AND YRAINING PATHNAY.

PRLEARY LOMA ACTIVILY

TVIE OF EMPLOYER

‘ PROF, ! e ] ‘
, T | S8/ A Scvces | romL ko | oS/ | so| sew Jorueh | tome o | we | mom, {n
Yr of WY traintng Pathuayd AT [ OV | ING o 1ty KRORIINOUS [ untv| KAOWY | PATRAY
Hon=i0's ' 1 1y fo,
A— LI I Y N I B -
L. Yo presPhD sooort <o Bh 1.6 810 803 =~ [000 46| w2l ss]ea| L0 i” iggg 32: 122: 2%
1 AL with presthy suont.o00 10 1 18,0] 330 154 | 3.3 L1000 61 w0 as) 3| 18 {167 | 100, o
. Total--non-/ays 1.4] 750 971 0.4 [ 1000 7| 188 [ 53] 6.3] L1250 1000 35 | WH :
4, to pre-ho—3MhD—a0 post D | 36,1) 271 33,7 35 | 200,0 19338 | 1206 | 26.6| 5o.6] 2.6 | 14,5 200.0 20120 {16623 367..:
8
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Table A§ (continued) = PROURY WORR ACTIVITY AD TYPE 07 EXPLOYER DURINC 1968;70, BY COHORT AND TRAINING PATHWAY
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Table A6 (continued) - PRIMARY WORK ACTIVITY AND TYPE OF WMYE.R DURING 1968-70, BY COHORT AND TRAINING PATHWAY
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Table A6 (continued) = PRIMARY WORR ACTIVITY AND TYPE OF EMPLOTER DURTNC 1968-70, BY COHORT AND TRAINING PATRWAY
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p APPENDIX B
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THE METHODOLOGY USED IN DEVELOPING THE EQUATICNS FOR CHAPTER 5

'A. METHODOLOGY

The equations in .Chapter 5 were developed from a regression analy-
sis in which variables measuring the flow of students_through higher.
education (hereafter called the dependent variables) were correlated
with more than 50 variables measuring economic and demographic factors
(the "explanatory" variables). The data were in the form of annual

" values, i.e., time series for thevperiod 1956-=1970.

Using the correlation matrix as a starting point, the estimating
equations were developed from a stepwise regression.procedure, adding
the "best" explanatory variable at each step until no significant ex-.
planatory vzjgbkies remain. The "best" variable is defined as that which

" makes the maximu contribution towards explaining the residual variation_
. in the dependent variable. Variables which are non-significant in the

original correlation matrix may become significant at a later stage in
the procedure’'and be included in the final equation. Conversely, vari-
ables which are significant originally may become non-significant as
additional explanatory variables are added to the equation. The step-
wise procedure does not guarantee that the final set of explanatory vari-

.ables selected for the equation is the "best" of all possible sets. This
can only be guaranteed if all possible combinations of explanatory vari-

ables are tested. While the stepwise method ‘is a powerful tool for
developing empirical relationships, a certain amount of subjectivity is
necessarily involved in developing the final equations. ' In some cases
the explanatory variable chosen for inclusion in the equation-:was not

the "best" one in the sense of making the greatest contribution towards
explaining the residual variation. Exceptions from this rule occurred
when the "best" variable was highly correlated with other explanatory
variables in the equation, or when the coefficient of the "best" variable
was negative when a positive effect was to be expected. As:is usual with
time series data, the correlations among all the variables tend to be
higher than would ordinarily occur with cross-sectional data. This is
partly due to the fact that each poin;’in a time series tends to be rela-
ted to previous points (autocorrelation), and partly due to trends in the
series being compared. It is not uncommon to find several variables to

be significantly correlated gver time even though there is no apparent
connection between’ them. Thus, correlations alone cannot be relied upoa
to determine if a true relationship exists between two time series, 1In
developing the equations for this model, an attempt has been made to
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insure that the explanatory variables not only‘have statistically signlfi; i
" cant correlations with the dependent variable, but also have logical-cause -
,and effect -relations, and have logical algebraic signs.

This admittedly empirical approach can be contrasted with results
obtained by tgking a more conceptual approach to the problem. In the
bioscience equations, an attempt was made to test several a priori hypo-
theses about the determinants of bioscience graduate enrollments and Ph.D.
degrees. The results of those tests are reported below in the section on, '

' Alternative Models in the Biosciences. For the most part these alterna-
tive models failed to produce -results as satisfactory as the empirical
approach. :

The predictive power of a regression equation is usually measured

- by R2, the proportion of the variation in the dependent variable account-

~ed for by its association with the explanatozy variables. The time series

b data used to develop the equations in the model result in R? values which

are quite high generally in the range of O. 8 to-0.9. i‘One should not o \
place too much emphasis on the value of RZ in weighing: the merits of any - T
single equation—in many cases it merely serves to indicate nothing more ‘ '
than that acgood fit to the observed “data has been achieved by the linear
combination of explanatory variables. Other criteria are equally impor-
tant in ‘judging the adequacy of an‘equation whic¢h attempts to explain the
-behavior of a phenomenon. From a purely statistical point of view, the
specification errorl is quite important and its avoidance tends to
enlarge the number of explanatory variables used in any equation. From
a philosophical point of view, the principle of parsimony tends to mini-
mize the number of explanatory variables used. Steering 4 course between
this Scylla and Charybdis has been an important element of the methodology.

- In the equations that follow, the standard partial regression co-
efficients, which under certain rather stringent conditions discussed on
. _page 85, measure'the relative importance of each explanatory variable, are
' shown in parentheses under each variable. In general, the higher the standard
\partial regression coefiicient (in absolute value), the greater is the relative’
4importance of the variable. '

-
\ i

7/ ) i ) . . -
/ .

lSpecification ‘eYror covers the many dlfferent ways in which the function
~of -explanatory variables specified in an equation might fail to repre-
sent the true relationship between the dependent and explanatory varia-
bles. Variables omitted from the equation contribute to specification
error if they actually do affect the‘dependent variable, as do variables
whose form is not specified properiy. For more complete explanation
"of specificdtion error see J. Johnston, Econometric Methods, McGraw- ,
Hill, New York, 1963. . T e T
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Aggregate Equations (All_Pields Combined)
oo i -
’ |

|
-

!

parentheses under each variable are the standakd partial regression
!

i Values in
coefficients,
B.A.'s relative to the 20-24 year old population:
W @B, = -0.01 + 0.00433 $B, + 8.20 x1207%sa 22 - .95
' (0.99) (0.35)

-
’ .
v

's in the preceding year:

Graduate enrollments relative to B.A.
First-year full-time:
(2) ENIFTL /B, . = 0.133 + 1.66 x 1o"‘s‘mzi_1 + 3.94(PD) 2% - .94
(0.88)  (0.29)
B2 .94

First-year part-time:
H

() BIPTL/B_ | « 0.226 + 1.17 x 10 Fmosc
(.97)

'

Yirst-year total:
' 1078 2
(4) ENlTTLilBi_l » 0.15 + 4.42 x 10 SAGEi_1 + 0.17.9($_C/H$)1 5 R™ = .98
€.99) " (.10)

Total graduate enrollments:

- 1074 . T2
()] ENTLilBi_l 0.732 + 5.19 x 10 SAGEi_l H | R .95
' (.97) o

+ 0.010(sc/uS), , :

's relative to average graduate enrollments for the last three vears:
(.20)

Ph.D.
. — s N
(6) PHDTL,/EN, = -0.018 + 3.19 x 10 SACE;_; + 0.0230(sc/us), ,
(t.o1) . (.46)
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B. AGGREGATE EQUATIONS - ‘|

Table Bl shows dependent variables for the aggregate equations
and the explanatory variables that were used. Table B2 shows the corre-
lation matrix for some of these variables. Since all the data were in
the form of time series for the 1956-70 period, higﬂ‘correlations could
result from strong trend components in the series rather than from the
variations around the trend, which is really the vital factor in trying
to specify cause and effect relationships. Thereforé, Table B2 shows
the correlations both with and without the linear trend component in
the data. The correlations which fail to remain significant after the
trend is removed are considered to be spurious. Of tourse those that
remain significant could also be spurious, it being well recognized
that correlation does not imply causation. But subftantial and consis-
tent correlations provide supportive empirical evidence to a hypothesized
causal relationsuip. L

1. Conclusions from the Aggregate Equations

It is evident from the correlation matrix that relative salaries

alone cannot adequately explain the variation ip relative degrees and
' enrollments. For example, the ratio of annual /incomes of individuals

with four or more years of college to incomes Hf high school graduates
($C/HS), is available from periodic surveys of the Census Bureau ,
beginning in 1939. This ratio would seem/to/Be a logical candidate for
explaining the behavior of the annual number of B.A.'s relative to the
college age population. Yet as seen from Tagble B2 in no case was the
correlation between these variables significant before removing the
trend, and only with SC/HSi_lo'was it significant after removing the

trend. Absolute salaries, at least in the case of the ratio BA/P give
much higher correlations. In the case of Ph.D.'s, no salary variable
has a Fignificant,and positive correlation with PHDTL/EN after the trend
is removed, indicating that the variation in relative Ph.D. production
cannot be due solely to market forces as reflected by incomes. ‘

The standard partial regression coefficients may be used as
measures of relative importance of the explanatory variables in the
above equations with some confidence since the equations are
relatively free of multicollinear effects. In no case is the correla-
tion among the explanatory variables significant; the highest observed
correlation is 0.39 betwecen $B and SAi-l in equation (1).

]
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‘ Tahle Bl = DEFINITTON OF VARTARLES INVOLVEN TN THF, AGGRENATR FOUATIONS

DEPENDENT VARIABLES

DESCRIPTION

HEAN
1956~70

STANDARD
DEVIATION

BP)

ENIFTL, /By

fotal number of BA's awarded in
the ith year relative to the
1,5, Population 20-24 yrs, old

0.0378

0.00516

First year, full~time gtaaua:e en~
rollments relative to BA's in the
preceding year

0.212

0.0382

!NIPTLi/Bi_l

Pirst year, part-time graduate en-
rollments relative to BA's in the
preceding year

0.362

0.0555

ENITTL, /By )

First year total graduate enroll-
menta relative to BA's in the.
preceding year

0.574

0.0898

;NTLi/Bi_l

Total graduate enrollments.relative
to BA's in preceding year

0.898

0.107

mmil-ﬁi

Total number of Ph.D.'s awarded
in the i“’ year relative to the
average graduate enrollments
for the last 3 years

-0.0377

0.00246

EXPLANATORY VARIABLESY

351

Real median salary of all profess—
fonal and tcchnical pgrsouncl whase
highest degree is a BA: (thousands,
dor]a:gi by the CPI)

10.39

1.18

s‘i-l

Real total federal aid to hipler
education. Includes all traince-
ships aud fellowships plus VA
benefits for higher cducation:
($millions, deflated by CPI)

744.5

Heal total federal aid for students
in graduate cuucation. lrcludes all
traineeships and fellowships plus
10% of VA dircct benefit payments
to students in higher education
(10Z 1is the estimated amount allo-
cated to praduate education);
($millions, deflated by CP’I)

318.5 .

125.2

$c/Ms
$C/HS
$c/us

1-4
i-5
1-7

Average annual incomc of males,
25 years and older with 4 or

more years of college relative
to those with high school only

0.0497
0.0498
0.0489

FRDSC

Real federal funds for recearch and
development in scicnce, and for

R+D plant; (5 milllons, deflated
by CPI)

4581.7

. scrvice

Prébability of obtaining an edu-
catlonal deferment from military

0.00642

0.00261

O

ERIC

Aruitoxt provided by Eic:

166

130



Q

ERIC

Aruitoxt provided by Eic:

lelc 82 = CORRELATION HATRIX FOR .THE DEPENDENT VARIABLES OF

THE AG

GATE EQUATIONS

AND SOME SELFCTED *EXPLANATORY" \'ARIABLFS //

Dupendent Variab l-u/

Relative Relacive |
lsc-vr full-| lsc-yr part- Relative
ratio DA's time grad. time grad. tetal prad. + gelarive PhD
to population. enrollments | enrollments cnrollments | ,roduction
) (ENIFTLy/ | (EN mm <ENTL11/“ |
(BA/P20-24) B ) BAy) 1-1)}  PHDTL /EN,
— wlo wlo Y | v/o' | w/o
Explanatory Variables wnadi | erend| unadi ctrend unadi r.rcnd jlunadj! trend! unadj! crend! ynady| crend
Ratio of annusl incomes: 1 : |
& or wore years college/i . ! !
high achool 1 4 . l
4 -, 04 |’ .-'53 «,29 i =,19 =.40 -.37 -47 =37 § ~.31 ! -.63 -.63
41 |-.01 .26 | 4035 -5l =29 =33 | -.68 | =.32. 1 =63 | 61 | -l67
-2 [-.08 | =.09 | -0 -.67 =13/ .25 | =.57 | =27 =57 | 44 | =49
sc/us (=3 | =151 =26 | =41 . -.65 .00 =17 | +.28 | =22 | =40 | 219 | -.18
Cqel | =13 ) =27 (=30 =68 15 =03 | .03 | =dl } =17, 04 ,
(a5 1-.23 -6 [-.12' -.09 .5 o6 | .36 | =06 | .09 | AL L-19
17 -8 -9 | 239! (8 ‘13 = | 23 25 | G161 .23
1-10 | .52 ‘ 29 =q6 .05 -70 ! - L,.uk/-. 6 .02 | -.20
Median PhD/Medisn BA ' ‘ = 1 -
incone ' ' '/,_4// N _‘.\ ‘
$PHDTL/$BATL @ -1 | @] .09 @ .53 367 45| .00
Median MA/Median BA
income |
SMATL/SBATL -.09 ‘ .02 |=.11 ] =06 1 =.06 "1 |-07 ) .06 =06 ] .13} 23] 209
Faculty salaries/ [ :
Madian Professional
salariea .
S$F/STL -.56 | =.66 |=.03 .13 -.09 | (@9 -.13 -.20) .01
Real median profession- ! ’
al income, all levels . | I
sTL Cew, -.18 | 3D -.27 @2 .29 .01 -.39
Real median PhD income 1 | . ; .
$PUDTL: -8 | (3] -1z | (9 G| -3 .15 -.51
Resl median MA income ‘« T\ . . )
ST _ @)l -1 | (@) .26 ‘ 13 | ()] -.08 -0 | B9 -5
Real median BA income | i
L Gl -z @] -3 @ o -.21 =29 -.68
Real disposable income \ l . . )
(RDSPIN, ) . | @D » @D -7 --43 -17 | ()] .3
Real federal R & D In i , P '
science Go. -.81 | 1 -.07 . 279 47 20 | .52 -.a9
Real student aid o .
graduate education ! | s .
o ] 73)! =86 | G| en GO (el @ (o) | GD .. 07
sace 11 (.86) | =.65 1 (%% 8y (0 aayl (9D | (S0 Con| (B3 (b4 .27
1.5 sy .35 | (89 ;’hg) 7D - (88)] 2% 88)| .39 | % -8
1=7 Goy el ! @Enl e GGH =35 GIDY 19 (Je) - 39 | 8% C8

Circled values indicate significant and positiv

The subscript { is used €

¢ corrclatlons

o denote the value of the variable in the lth year
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C. DISCUSSION OF BIOSCIENCE  EQUATIONS

In equations (7) through (10) bioscience graduate enrollments
relative to total graduate enrolliments are dependent primarily on the
NIH training and fellowship programs, medical school enrollments, and
federal research in the life sciences and physical sciences.

Table B4 shows the correlations between the dependent variables
in the bioscience model and some selected explanatory variables. These
correlations were computed from the data with and without a linear trend
component in order to detect those relationships due mainly to the trend.

For the biosciences, a longer than normal series of income data
is available because of a special survey of bloscientists conducted by
the. National Science Foundation in .1951.2 With these data it becomes
possible to test hypotheses about the influence of bioscientists' '
income ratios with various time lags on relative graduate enrollments
and Ph.D. production in the biosciences. The income variables used are
ratios of median annual income of bioscience Ph.D.'s relative to all
Ph.D.'s (SPHDBI/SPHDTL); and ratios of annual incomes of bioscience
Ph.D.'s relative to.bioscience B.A.'s (SPHDBI/SBABI). - In Table B4
these income ratios are seen to have some weak but significant correla-
tions with the dependent variables using the unadjusted data. After

. removing’ the trend, hcwever, all but one of these become non-significant,

indicating that the original correlations resulted more from the trend

‘component than from the inherent variation in the two series. Relative

federal aid to bioscience students (NIHTF/SAGE) exhibits much higher
correlations, most of which remain strong after trend is removed. This
evidence supports the hypothesis that relative bioscience graduate
enrollments and Ph.D. production react primarily to student aid varia-
bles. Further evidence is obtained from equations (7) to (11) where

the explanatory variables represent the best set that could be found in
this study to account for the behavior of the dependent variables.

Among this set, relative student aid to bloscience consistently explains
the major portion of the variation in relative enrollments and Ph.D.
degrees. /

The standard partial regression coefficients are fairly reliable
indicators of the relative importance of each explanatory variable in
all the bioscience equations except (7), where the significant correla-
tion between (NIHTF/SAGE)i_ and (NIHTF/SAGE) 3 (r = 0.73), suggests

2Manpower Resources in the Biological Sciences, National Science
Foundation, Washington, D. C., 1955.
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Bioscience Equations

Values in parentheses under each‘var1nb1e are the standard p

nrtia} regression
coefficients,

Graduate enrollments in bioscience relative to total graduate enrollments:

Pirst-year full-tipe:

(7) (ENIFBI/ENIFIL), = 0.0469 + 0.0361(NIHTF/SAGE), , - 4.25 % 10”4 omeR)
(.70 (-0.65)

4+ 0.0210(NIHTF/SAGE), , + o.oz.osmlplnt‘) . 2« .97

(.48) ‘ (.23)

Pirst-year part-time:

(8) (ENIPBI/ENIPTL), = 0.00637 + 0.0186(NIHTF/SAGE), 3 + 0.0123 (NTHTG/SAGE) , 3 2.8

(.78) _ - (.28)

Yirst-year total:

(9) (EBNITBI/ENITTL), = 0.0156 + 0.0264(NIHTF/SAGE), j = 1.52.% 1078 comm)

. (1.06) ‘ (-0.42)
+ 0.033R. /R, 3 22 = .85
° Rlp t’1 At
(.3%)
Total graduate erirollcents in bibscience:
(1) (ENBI/ENTL), = 0.0344 + 0.027B(NIHTF/SAGE), 5 : ; 22 - .89
) (.94) : {

Ph.D.'s in bloscience relative to all Ph.D.'s:

(1) (EDBL/PEDTL), = 0.0774 + 0.0257(TFBL/TEIL).; + 0.0749(Ry/Rp)y RZ=.77

(.68) (.37
~ 169
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DEPENDENT VARIABLES

DESCRIPTION

Isble 33 - DEFINITION OF VARIABLES INVOLVED IN. THE BIOSCIENCE EQUATIONS

MEAN
1956-70

STANDARD
DEVIATION

(EM1PBI/ENIFTL) 1

First year full-time graduate en=-
rollments in bioscience relative
to total first year full-time en-
rollments ’ :

0.0599

0.00482

" (EN1PBI/EN1PTL) 4

First year part-time graduate enroll-
zentSin bioscience relative to total
ffrst year part-time enrollmeats '

0.0194

0.00259

(Ea1TBI/ENITIL)

First year graduate enrollments in
biloscience relative ‘to total first
year enrollments in all fields ’

0.0342

0.00269

(L)~

Total graduate enrollments in bio-
science relative to total graduate
enrollmerits in all fields

0.0466

0.00323

(PEDBI/PHDTL)

Number of bibs;ien;é PhD's relative
to total number of PhD's produced in
the school year ending in year i

0.00605

/éxrumroay VARIABLES

s/
/ (NIETR/SAGE),_,

~ (NIBTF/SAGE),_,

NIH appropriations for training

grants and fellowships relative to
total federal aid for graduate stu-
dents in the ith fiscal year; (§/$5)

| 0.457

0.439

0.0939
0.110

(NIHTG/SAGE) .

NIH appropriation for training grants
relative to total federal aid for
graduate students in the i~ fiscal
year; ($/%)

0.393

0.0603

HDENR1
s

Enrollments in medical schools in
the school year ending in year i

8703.2

742.6

(RIp/Rt)i

Federal funds for research in the
1ife sciences and physical sciences
relative to total federal funds for
research in fiscal year i; ($/$)

0.592

0.0272

®y/R)

Federal funds for research.in the
life sciences relative to total
federal funds for research in fis-
cal year 1; ($/$) :

0.267

0.0298

TFBL/TFIL, |

Federal expenditures for trainee-
ships and fellowships in biosci-
ence relative to total federal
expenditures for traine.ships and
fellowships in all filelds; ($/$)

0.667

0.161
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" Table Bb - CORRFLATION MATRIX FOR THE DEPENDENT VARIABLES OF THE BIOSCIENCE{EQUATIONS

AND SOME SELECTED "EXPLANATORX" VARIABLES

s

Dependent Variables

v

Relative lst-yr|Relative lst-yr{Relative lst=-yr| Relative
full-cime grad.|{part-cime grad. |total grad. total grad. {Relative PhD
enrollments enrollments enrollments enrollments |[production
Explanatory Variables|in Bioscience |in Bioscience {in Bioscience in Biosci. {in Bioscience
(EN1FBI/EN1FTL) (ENIPBI/ENXPTL)i(ENITBI/ENITTL) (ENBI/ENTL)i[PHDBI/PHDTL)
Median Bioscience ‘ w70 w7 w78 N Wl -
PhD income relative unadj [trend unad} |trend unadj [tcrend funadjftrend junadj ftrend
to median income of < .
all PhD's g j}
' 1 -.11 { -.38 c47 ) =035 .30 | -.31-}766) 16 | =82 | -.59
i-1 48 | -.61 .02 | -.53 =-.10 | =.47 XA “09 ) =.48 | -.24
(SPHDBI/SPHDTLY 1-2 72 ) =75 ~.36 ] -.69 -.43 | -.61 .01 § -.15} =-07 .05
i-3 -.80 | -.80 -.62 { -.82 -.62 | «.69 |-.41} -.51] -38 45
i-4 -.73 | =-.72 -.66 | =.71 -.63 | -.60 -.67 1 -.71 L56)] .51
i-5 -.63 | -.66 -.68 | ~.55 -.63 | -5 .81 [-,76 2.60 'l L4l
Median Bioscience
PhD income relative | !} ¢t ¢y o ¢ty
to median bioscience
BA income .
1 A1) a3 | Ged{ .os .47 |-.04 |G3B Y .44 )-.77 | -.a5
i-1 % 3] BN X)) 259y .23 .39 - .26 |Co) .16 1-.69 | -.19°
($PHEDBI/$BABL) ¢ 1-2 .08 | -.06 (.38 -.17 a3 | =09 |G703) .19} -.67 | -.16
! i-3 .02 | -.15 (.57, -.08 .49 Al | L6944 L2461 -.63 | - 14
i-4 =.21 | =.44 . -.33 .30 | =.15 .54 03 ¢8-44 ) -.13
1-5 -.53 1 -.78 .08 1 -.70 -.04 .56 .27 | -.32}-.32 .20
NIH Traineeship and ) '
Fellowship appro-
priations relative ;
to total student aid
to graduate education .
o i .52 .54) 65 .46 48 .28 .38 -.01}]-.40 } ~.05
1-1 F.aje o | 20| 9 3D | (30, |6} 481 -.43 | -.19
(mm,ms) {=2 .77, :_8-6\ .87) ‘;._80 .§3‘) (.75 ‘:o_“.\, (-7§) -.72 -.54
i-3 60| .81 <90y .78} Gaw | 79: {983} (B8] -.76 |-.46
1-4 47 | L0 8611 (.65 T8 [ 72 |97 B6) =65 | -.16
1-5 36 | e | G| 28 C63 | Co0y |- s&f-.61 | .1
Fed. funds for re- ;
search in life sci. ¢
_ relative to total '
federal research . : ’
Egg}wr- -58 | -.58 | -.6t | =56 | -6t | -66 J-.53 | -.66) L600 | TR
Fed ®traineeship & i
fellowship expendi-
tures in Biosci. re-
lacive to total fed.
» crniﬁ;/ﬁ fel. expend. ’ . .
P i -.27 | =.41 -.81 ] -.52 -.63 | -.44 {-.87 | -.76] .80) .60.
(TFBL/TFTL) i-1 | =.13 ] -.03 -.69 | -.02 -.50 ¢ .00 l-.81 j-os52f .74, ] .34
: i-2 .03 1 -.35 -.52 .51 -.35 41 [-.69 | -.12] :.69; .18

Circled values indicate

The subscript 1 is used
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caution. None of the other equations had any significant correlations

among the explanatory variables so the regression coefficients are

generally stable,iand the standard partials are more reliable measures
of relative importance.

< :

_ The influence of the NIH training grant and fellowship programs
appears to be spread over at least three years from the time the funds
are appropriated, and a more sophisticated handling of the lag problem

. than was attempted here could be devised to show the impact of each

_ year's NIH training funds on graduate enrollments. Further development
of the model would include such refinements to this distributed lag:
problem, but these would require more time and resources than are
available at.present.

Aithough (NIHTL/SAGE) is not included in equatiod (1), the
implications in the data are that (NIHTL/SAGE& 1 (NIHTF/SAGE)i 2, and -
(NIHTF/SAGE)i_3 all share in this influenc;e.3 This seems reasonable in

view of the fact that a fellowship award from NIH has usually meant a

three-year commitment of support. And since an NIH awardee is allowed

one year before activating his fellowship award, it is not unreasonable

to expect at least a one-year lag between the funding variable and its

effect on enrollrents. On the other hand, training-grant support alone
- (NIHTG/SAGE) seems to have an immediate impact which shows up mainly in

first-year, part-time enrollments. _

The effect of medical school enrollments in reducing the number -.

of bioscience graduate students is especially noticeable with first-year
enrollments.

3since (NIHTF/SAGE) '1s hlghly correlated with (NIHTF/SAGE) _3? and also
with (NIHTF/SAGL) RE the inclusion of all three explanatory varlables in

the same equaticn causes statistical problems. In this case (NIHTF/SAGE)
is not statistically significant when included with the other two, which
is the same as saying that the inclusion of (NIHTF/SAGE)i_2 adds no

information beyond that contained in (NIHTF/SAGE)i_l'and (NIHTF/SAGE)1_3.
Fortunately, the correlation between (NIl-lTF/SAGI:‘.)i__1 and (NIHTE/SAGE)i_3,

i-2

although significant, is not high enough to prevent their joint use in
- the same equation. This is a problem in distributed lags, and perhaps a
better means of handling it than attempted here could and should be
devised. (See for example J. Johnston, op. cit., chapter 10.)
|

|
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D. ALTERNATIVE MODELS FOR THE BIOSCIENCES

The five bioscience equations'were generated under the hypothesis
that graduate enrollments and degrees were related to that combination
of explanatory variables which explained the maximum amount of the var-
iance in the dependent variables while providing logical relationships,
with appropriate algebraic signs, and avoiding multicollinearity where
possible. Of course many other hypotheses could have been used, and a
comparison of the equations developed under alternative hypotheses with
those in the model provides some insight into results obtained from taking
other approaches to these data. The five bioscience equations were

_developed under eight other hypotheses about the behavior of bioscience

enrollments and degrees and the results are summarized in Table BS.

Alternative hypotheses Al and A2 assume théc relative bioscience

- enrollments and degrees are dependent only on relative salaries of bio-

science Ph.D.'s. Under Al, the single best salary variable was used in

" each equation, and under A2, the best combination of\salary variable was

used. A very unsatisfactory model results in either case. The salary
variables alone, although statistically significant, do not explain much
of the variation in bioscience enrollments and Ph.D. degrees. Furthermore,
most of the salaty variables have negative coefficients which would imply
that a reduction in relative salaries of bioscience Ph.D.'s ‘tends to
increase relative bioscience enrollments and Ph.D.'s.

In hypotheses A3 and A4, the dependent variables in bioscience
are assumed to depend only on research funds, and these do a fair job
of explaining the behavior of the dependent variables. Hypothesis A3
generates the second highest RZ per variable, but one equation contains
an illogical sign.

‘Under hypotheses A5 and A6, séudqnt aid variables alone do a
better job than either salaries or research funds alone. Hypothesis A5
gives the highest R2 per variable, with no illogical signs.

In hypothesis A7 relative salaries, research funds, and medical
school enrollment variatl:s explain a respectable 807 of the variation
with nine explanatory variables, but two of these have illogical signs
(i.e., relative bioscience Ph.D. salaries, and federal research and
development funds relative to total federal research funds, have
negative coefficients, indicating that these variables are inversely
related to bioscience enrollments). Adding student aid variables to
the e)glanatofy set, as in hypothesis A8, improves the fit to 91% of
the variation, but requires 16 explanatory variables, six of which have
illogical signs. Three of the variables with illogical 'signs are
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Relative Bioscience Graduate
Earollments ar.. ’hD Degrees

are Dependent on:

‘tAverage Rz,

TESTED IN BIOSCIENCE

for the 5
equations .

(R¢ measures
the goodness-
of-fit to the
observed data)

Total number
of explana-
tory .varia-
bles in the
S equations

TABLE BS5 - SUMMARY OF VARIOUS HY?OTHESES'.

Rz per

variable

INumber of

nonsigni-
ficant

variables

Rumber of
variables
with
illogical
signs

AL

lela:ivé salaries of bioscience
PhD's {using the single best
salary variable in each equation)

0.57

Ta2.

Relative salaries of bioscience
PhD's (using the best combina-
tion in each equation) )

0.67

.07

A3,

Federal funds for research (using
the single best research variable
in each equation)

0.67

.13

A4

¥Yederal funds for research (using
the best combination in each equa-
tion) '

0.76

A3,

Student aid variables (using the
single best student aid variable
in each equation)

0.76

.09

.15

A6,

Student aid variables (using the
best combination in each equation)

0.85

11

.08

Al

Relative salaries of biloscience
PhD's, research funds and medical
school enrollments

0.80

.09

Relative salaries of PhD's, re-
search funds, medical school en- :
rollments and relative student
aid to bioscience

0.91

16

.06

- A9,

The best combinatiou of explana-
tory variables, rejecting those
vith illogical signs, and avoid-
ing multicollineari.; where possi~
ble. (This is the methodology used
to 'generate the equations in the
model.) -

0.87

12

.07

= -
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salary variables, one is a2 student aid variable, and two are research
variables. .
Hypothesis A9 is the one under which the equations in the model

were developed: The explanatory variables were added sequentially .
starting with the one that generally had the highest correlation with
the dependent variable. Other ex :planatory variables were added which
contributed significantly to Rz, which were logically related to the
dependent variable with-the proper sign, and which were not too highly
correlated with other explanatory variables already selected for the '
equation. - This procedure gave equations which explain an average of
87% of the variation in the dependent variables with’a total of 12
explanatory variables, all of which are statistically significant and
have the logically correct signs. ' These equations, even though they

do not give the highest Rz, appear to be the most satisfactory set from
the standpoint of their overall statistical and rational properties.

E. .DISCUSSION OF PHYSICAL SCIENCE AND ENGINEERING EQUATIONS

The complete set of equations for enrollments and Ph.D. degrees
in physical science and englneering are presented in equations (12)
through (16).

Relative first-year full-time and total graduate’ enrollments in'
physical science and engineering behave very similarly, and appropriately
are explained by the same set of variables. These include a salary
variable ($PHDCH/$PHDTL), a research funds variable (R /R ), a student-aid

variable (TFPE/TFTL), and the medical school variable(MEDAPP) The salary
vatricble ranks ahead of the student-aid variable in terms of its impact
on first-year full-time enrollments, but they are about equal in impact
‘on total graduate enrollments.

The highest correlation among the explanatory variables in-
equations (12) through (16) is -0.66 between(MEDAPPa and (TFBI/TFTL)

in equation (13). There are no other significant correlations among
this explanatory set.

The physical sciences and engineering are influenced to a certain
extent by the proportionate amount of traineeship and fellowship money
available to these fields (TFPE/TFTL), but some additional influence is
seen to come from what are normally considered to be bioscience funds,
(NIHTF/SAGE) and (TFBI/TFL). This is an interesting result because it
lends empirical evidence to the interrelationship between the biological

- and physical sciences. While bioscience training funds seem to affect
physical science and engineering enrollments, the relationship does not
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Physical Science and Engineering Equations

N
4'\_ f

Values in parentheses under each variable are the standard pariial regression\

coefficients, N :

Y

Graduate enrollments in physical science and engineering‘relative to total graduate enrollments: °

1

Pirst-year full-time:

(12) (mmm:/r:mr'rx.)i = 0.332 + 0.420($PHDCH/$PHDTL), + .o.1sb(np/nt)i'

(.49 (.19)
- 453 x 107%0moaPR), + 0.133(TFPE/TFTL), , ; R - .99 - el -
P ¥ ) ‘\\‘\
(-0.51) (.38) : o —~
Pirst-year part-time:
(14) (ENIPPE/ENIPTL), = 0.0182 + 0.0564(TFBI/TFIL), '+ 0.181(R /R,), |
- "~/ (.05) . (.29)
B -6 2
/ 2.67 x 10°QEDAPR), ; R° = .96
:' (-0.42)
_ ' \
First-year total: i
(14) (ENLTPE/ENITTL), = -0.155 + 0.213(SPHDCH/SPHDTL), + 0.212(R‘;/R:)i
' (.36) (.33)
_ -6 2
~ 3.90 x 107°QuEDAPP), ; R = .97
(-0.62)
Total graduate enrollments in physical science and engineering:
(15) (ENPE/ENTL)i =  -0.108 + 0.210($PHDCH/$PHDTL)i + 0.158(RP/R:)i R
' (.35) (.26)
- 3.60 x 107°(MEDAPP), + 0.0865(TFPE/TFTL),  ; R? = .99

(-0.60) (.35)

Ph.D.'s in physical science and engineering relative to all Ph.D.'s:
(16) (l’HDPl!/PHD’I.'L)‘L = 0.0176 + .0.107(NIHTF/SAGE)1_1 + 0.0962(TFPE/TFTL)1_3

(.53) (.45)

‘ L" + 0.0160(SF/STL), RZ =~ .92

(.27)
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\\\\\\\. Table B6 - DEFINITION OF VARIABLES INVOLVED IN THE PHYSICAL SCIENCE

N

"

\~

DEPENDENT VARIABLES .

AND ENGINEERING EQUATIONS

DESCRIPTION

MEAN
1956-70

STANDARD
DEVIATION

(ENLFPE/ENLFTLY,

en~
and
firsc

First year full-time graduate
rollments in physical science
engineering relative to:total
year full-time enrollments

‘]'0.175

0.0251°

(ENlPPE/ENIPTL)i

Vo

First year full-time graduate
rollments in physical science
engineering relative to total
time graduate enrollments

en-
and
part=-

0.127

0.0183

(EN1TPE/ENITTL) .

First year graduate enrollments in
physical science and engineering
relative to total first year gradu=-
ate enrollments in all fields

0.0184°

(xNPB/EN:L)i

Total graduate enrollments in physi-
cal science and engineering relative
to total graduate Durollmencs in all
fields

0.177

(PHDPB/PHDTL)i

Number of“PhDié.in physical science
and engineering relative to total -~

PhD's in all fields produced in thé
school year ending in year/},/”

,'/
0,281
"

EXPLANATORY VARIABLES

r/A
e )
- .

($PHDCH/ $PHDTL) .

Median annual- sﬁiary of PhD chemists
relative to median salary of all PhDs:

$/%)

11.075 \

0.0293

(NIHTF/SAGE) |

| grants and fellowships relative to

NIH appropriations for crainiﬁg

total federal aid for graduate ‘stu-
dents in the 1M fiscal year; ($/$)

1 0.457

0.939

HEDAPPi

Number of applicants for medical
school in school year ending in year i

17299.?

2844.96

(TFPE/TFIL) )

(TFPE/TFIL) ,_,

Federal expenditures for traineeships
and fellowships in physical science

and engineering relative to total fed-
eral expenditures for ttraineeships and]
fellowships in all fields; ($/$)

0.208 "\

0.202

ui

0.0712

0.0739

(TYBI/TFTL)

Federal expenditures for traineeships
and fellowships in bioscience rela-
tive to total federal expenditures

0.667

for traineeships and fellowships in

all fields; ($/$) !

0.161

(SF/STL) |

An index of faculfy salaries, pre-

I
12.21

pared by the American Association }

of University Professors, relative
to the median annual salary of all
scientific and technical personnel-
measured im $ thousands

0.260 . T~
/

‘Rpe/Re)i

Federal funds for research in physi-
cal science and engineering relative
to total federal funds for research
in fiscal years; ($/$)

0.651

0.029¢
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seem to be w¥eciprocal. These data provide no evidence that physical

. science and engineering.training funds have any impact on bioscience

‘enrollments, although tihere is evidence that research in the physical

sciences does provide some support for bioscience graduate students.
Table B7 shows how the dependent variables correlate individually

with some of the explanatory variables. i

.

l

F. TFURTHER TESTS OF THE MODEL AND SOME OF ITj LIMITATIONS

As a further check on the validity 6f the equdtions in the model,
some additional tests of the bioscience and physical science, equations
were run. Hypotheses were set up to see if the bioscience explanatory
variables used in the.model could provide as good a fit to the physical
science and engineering dependent variables, and conversely, if the
explanatory variables in physical science and engineering provide an
equally good fit to the bioscienee dependent variables. If this inter-
change of ~explanatory,variables were to; provide satisfactory relation-
ships in both cases, then one-would suspect that the explanatory variables
in the model do notreally‘represent the.causal factors for the effects
they are attempting to explain, since they work equally well for a
different set of effects.. However, as the results show, when the

~variables are interchanged, their explanatory power deteriorates signi-
ficantly. Under hypothesis I (that the bioscience explanatory variables
could explain the behavior of the. phy51cal science enrollments and }
degrees), the average R2 for the physical science equations drops from
0.96 in the model to 0.55, with seven non-significant variables and
seven 1llogical signs. Under hypothesis] II (that the physical science
‘explanatory variables could explain the bioscience enrollments and
degrees) the average R2 for the bioscience equations drops .from 0.87

~in the model to 0.73, with twelve non-51gnificant variables and six
with illogical signs.

In summary, it would appear that the methodology used to generate
the equations in the model gives results which are at least as defensible
as any of the alternatives examimed here. This certainly does not mean
that no better explanations for the behavior of the dependent variables
can be found. |There are always problems with the accuracy and‘con- '
sistency of thq data; certainly so e of the variables were estimated
very crudely. [Perhaps important v: ‘iables were not included in the
analysis, or the variables should have been structured differently.

The fact that the analvsis deals with time series ‘data leads to problems
of autocorrelation, for which nc correction was made, and the handling
of the lagged variables could certainly be improved upon. Verification
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A INGINLL LG UAT L At SOt SLLLCTR Y PLARA LGOI VARILABLEN
F o - .
e . 1N vependent Varfab)es
i
/ e lative 1eteyr fHRelative lat-yr | Kelative lsteyr | Kelaedve
. full-tine grad. part-time grad. total grad, | total grad. Helative PhU
V' kearollments in cnrollmnts in enrollnents {n ! enrollments production {n
- iPhysical Sci. Physical Sci. Phyafcal Sci. i{n Phys, Sci.| Physical Sci.
Engincering & Engincering & Engincering & Engin, & Engincering
(ES1FFL/ENLFTL) (LN1PPL/ENIPTL), | (BN LTPE/ENLTTL), | (ESPE/ ENTL) (PHLPL/PHDTL)
{ 1 1] 1 {
Exglanatory V~riables w/o w/o w/o w/o w/o
unadj jtrend unadj {trend unadj [trend iuncdj trend unad) |trend
TOTAL ] T
! (STICH) .21 =12 .36 =.54 £35 | -,25 .12 -.28 <.59 [ «.43
PhO'S 1
R (spnuchi) A '.GD .48 .10 @ .50 . L‘;L) 267 -.12 .18
' HA'S : ! !
) {$MACH) -.16 .31 -.59 .06 _=,46 .23 ! -.19 + ,30 KA .16
BA'S . ' .
(SBACH) .05 | -.68 .58 -7 L0 | =077 { 06 ] -.76 .76 -.83
TOTAL - i !
{SCH/STL) J21 -.12 .36 | -.54 W35 | =25 L,12 ) -,28 -.59 | =43
Median {ncome of PhD'S ' H
Chenists relative  (spuncH/spuory) (72: (6T, { .48 | .10 Sl o | Gl e a2 .8
to overall medisn i MA'S | i ‘ J
income ! (swAcH/SvATLY -.16 231 -.59 .07 -4 .23 -.19 . .30 .44 .16
N [ B = B
(SBACH/SBATL) .05 ¢+ -.68 ..'5__ -.Nn 40 -7 .05 | =76 -.87 -.83
, PhD's relative ]
Mcdian {ncome of to BA's
PhD & MA Chemists | (spuoch/ssack) .53 | (79 | -.06 | .46 a9 | (38 W Gl Gl G
relative to BA MA's relativd .
Chemists ‘to BA's v - ]
(SMACH/$BACK)| -.14 | .52 -.66 | .35 -9 .50 | -.16 .67
) Faculcy salaries relative T ' |
to median professional
tncome - sF/sTL) | .20 | -0 50 | .69 w2) 20 1 oo L)
7 . .
’ o] s ' -6 | .12 -19 | G882 | | 48| .28
NIH Traineeship and : S ) i H t
Fellowship appropriacions  (NIHTF/SAGE) < -2 -2% -.36 -.14 j o2 l :
relative to total scudent 1-3 -04 . 67 -.53 .86 TR ¥ .00 0 (,80)! @
',“ to grndua:e. eduu.:llcm : (4 -.24 @ -.70 @ . -.SGW -.22 I
U otes | -u387] .43 -.83 | .49 =701 .51 | -39 | (.55)’ D)
| . P, SO O S O o RS B Py -l el e
Federal traineeship and l l
fellovship expenditures .
- phatett seience oo i | 2| @D | - “ @ @@
engineering relacive - . Py ;
total federal trafuneeship (TFPE/TFTL) <4 1-2 .08 @ -.33 @ .20 Ql_‘/ .16 . @
& fellowship expenditure: L 1-3 -.22 .19 ALY @ .40 «34 -6 .36 ! +63
Federal traineeship and ’ ' K‘ —~ o !
fellovship expenditures . 7 -1 38 -7 b (8] ~.56 b} -.56 I8! -.59 ;1 -.68 ] -.59
cotal federal tratnessniy  TBVTTH <2 |2l | GO —as 7] o8 | @~ | esn ! w20
& fellowship expenditures 4 3 | Zea e ! e e TN ERT (.63)'\.26 Poewae ) -1
—_ T T N
Federal funds for ~eesdrch ! ' . ] | A [ |
in the physical sclepces (FRPH/FRTOT) ! ! ' ‘ i
relative to total fﬂeul ~ | [T . ' - - l
research A3 .68 AR Nt IR L N SRS U TN P T
Kedical school applicants  (MEDAPP) S TR TN _.,55. -.32 J .;90' - 65 < B -7 13 -89
7 T T t 0 .
Total federal funds for . i , ' o '
research (FRTOT) -.47 .65 e @ Lol N e T G B
. N LSO o
NIH tralning ¢rants rela- - : ; i
tlve to total student afd  (NIBIG/SACEY — ' ‘
tu araduate education -1 EANCD) 21 .28 .66 Ca) .26 0 .40

Circled values Indicace slunll’l)/m: verrelations with the lecteallv correce sten.

The subscript 4 ts used to denote the value of the varlable in the ith year.

-
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considered. However at this stage, the model serves its main purpo.e
which is to find a set of variables which are closely correlated wi.h
graduate enrollments and Ph.D. degrees and conceivably could represent
factors having a causal influence on them. There is substantial statis-

tical evidence to support the hypothesis that federal student-aid prog:amS_

had a significant impact on graduate enrollments and Ph.D. ‘degrees during

--the 1956-70 period, especially in the biosciences. The evidence is found

in the fact that we can adequately "explain" the behavior of the dependent
variables by relaciowships primarily involving student aid variables \

which have good statistical properties, are consistent in different =
fields, seem to be logical and rational, and are generally more satis- |
factory than alternative explanations using different sets of variables.
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Table C1 - RELATIVE NUMBERS OF BACHELOR DEGREES, GRADUATE
ENROLLMENTS AND PHD DEGREES, 1956-70

First Year Graduate ¢
Earollments Relative PhD's Awarded-
BA's Relative tv RA's Awarded in Total. Grad Relative to
to Population the Previous Year - .Enrollments Average Grad
Year 20-24 Years Old: Relative to - Enrollments
) BA's in the for the
\ ii;i' ::;z' motay | Previous Year Last 3 Years
1956 0.029 ~  |0.192 . o.285  0.477 0.760 . 0.040
1957 . 0.032 ' 0.186 0.293 0.3379 0.806 0.038
1958 0.034 {0.179 0.295 0.474 - 0.784 , 0.036
1955 0.035 0.174.  0.300 0.474 0.790 - 0.034
1960 0.036 0.172 0.309°  0.481 0.796 0.034
1961 .. 0.035 - 0.175 0.325 ~ 0.499 0.796 , 0.034
1962 ~ 0.035 0.181 0.361 0.541 . 0.844 -~ 0.036
1963 0.036 0.191 0.381 0.572 0.889 0.037
1964 0.038 0.201 | 0.917 - - 0.038
1965 " |- T 06.039 0.227 0.406 0.633 0.951 0.039
1966 70,040~ . 0.245 0.421 0.666 0.993 .. 0.038
1967 0.039 0.268 - . 0.400 0.667 0.999 0.039 L
1968 0.043 0.279 0.441 0.720 . .1.092 0.040 !
1969 0.047 0.260 0.423 0.683 . 1.048 -0.040
1970 0.049 0.245 0.397 0.642 0.983 ' 0.042
Average 0.038 ~ 0.212 0.362 0.574 - ' 0.898 | ) 0.038
Std. Dev. 0.005 0.038 0.056 0.090 ;1 0.107 ,/ 0.003
Sources: Current Population Reports, U. S. Bureau of the Census, Poéulat;on Estimates, series

P-25, nos. 311 (1965), 314 (1965), 385 (1968), 441 (197011 ) .

Doctorate Records ”11e, ma1nta1FEd—by—thé’ﬁaE;;;aI—%cademy of Scienées/National

Research Council, washington, D. C., June, 1972. From 1936 through 1957, DRF

data were recorded on a calendar year basis. Since 1958, a fiscal vear basis

hag been used. The 1957 figure for Ph.D.'s awarded was obtained by interpolation
between 1956 and 1958 to avoid the effects on the time series of changing from a
calendar basis to fiscal year basis.

Graduate Studunt Enrollment and Support in American Universitics and Colleges,
National Science Foundation, Washington, D. C., 1954.

Students Enrolled for Advanced Degrees, National Center for Educational Statistics,

Office of Education, U. S. Department of Health, Education and Welfare, annual
editions, 1959-70.



#

* Table C2 - RELATIVE GRADUATE ENROLLMENTS AND PHD PRODUCTION IN THE

BIOSCIENCES AND PHYSTCAL SCIENCES AND ENGINEERING, 1956-170

: ' _ BIOSCIENCES ’ PHYSICAL SCIENCES AND ENGINEKRIﬁG.
First Year Graduate En-{Total Grad ~ Ph.D.'s Eirst Year Graduate En- l'notal crad- |Ph.D.
rollments in Bioscience|Eenrollments Awarded in kollments in Phys. Sci. &|Enrollments Award

; Relative to All Fields |in Bioscience|3ioscience Eng. Relative to All Flds:in Phys. Sci. |ih Ph
Year _ : : Relative to |Relative to ‘ : & Eng. Rela- |Sci.
Full- Part- Total All All Full- Part=- tive to Total |Relat
time  time - Total | pi.yqag Fielas | time  time Total | a1l Fields |All ¥
1956 0-051 0.014 0:029' 0.043 0.115 0.162 0.153 0.157 0.176 0.25¢
1957 0-054 0.(15 0.031 0.042 0.122 0.172 0.148 0.157 0175 0.25¢
' 1958 0.057 °.-,°17 - 0.032 0.043 0.130 0.180 0.143 0.157 0.181 0.29¢
1959 2-060 0.018 0.Q33 0.042 C.118 0.188 0.139 0.157 0.183 0.27]
1960 0.062. 0,019 0.034 0.043 0.121 0. 19‘6 0.136 0-157 0.187 0.27:
1961 0.063  0.021 0.035 0.047% 0.113 0.209 "0.138'\ 0.163 0,198 0. 28:
1962 0.064. " 0.021 0.035 '0.048° 0.113 0.203 0-13'1.‘\ 0155 0,195 Os 28!
" i 1963 0.063 0.019 0.034 0.048 0.111 0.204 0.130 0-155 0194 0.29'
£ 1964 0.066 0.021 0.036 0.050 0.110 0.197 0134 0-155 0.193 0.29.
~ 1965 0.065  0.022  0.037 0.050 7 0,112 0.180 0.127 -} 0.146 0.185' 0.30
1966 0.064 0.023 0.038 0.051 - 0,111 0.166 - 0.121 0137 0.176| 0.29
1967 0.063 0.022 0.038 0.051" 0.108 .0.156 0.115 0132 0,167 0.30
1968 0.058 0.020 0.035 0.049 0.114 0.146 0.102 0-119 0,159 0.28
1969 0.054 0,019 0.033 0.047 9.112 0,138 0.096 a1ll2 ‘0,149 0,27
1970 0.053 0,020 Q033 0.046 0,108 .0.130 0.094 Q.lOB 0.139 0.26
\ ‘nge 0.060 0.019 0,034 0.047 0,115 0.175 0127 0.145 0,177 0,28
Std. Dev. 0,005 0,003 0.003 0.003 0,006 0,025 0.018 0.018 0,017 0,01
‘Sourc28i Doctorate Records File, maintained by the National Academy of Sciences/National Research Cou.{'x
Washington, D. C., June, 1872. From 1936 through 1957, DRF data were recorded on a -calendar
basis. Since 1958, a fiscal year basis has been used. The 1957 figure for Ph.D.'s awarded w
obtained by interpolation between 1956 and 1958 to avoid the effects on the time series of ch
ing from-a calendar bgsis to fiscal year basis.
- o : . e
Graduate Student Enrollmernt and Support in American Universities and Colleges, Natggul/'séien
N --“Foundation, Washington, D. C., 1954. ‘ . /F_
‘Students Enrolled for Advanced Degrees, National Center for Educational’ St:atisr.i'cg, Office of
Education, U. S. Department of Health, Education and Welfare, annual editions, 1959-70.
183 N :
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Table €3 - FEDERAL FUNDS EOR TRAINTNG GRANTS, 'FELLOWSHIPS,
AND OTHER STUDENT AID PROGRAMS, 1949-70

N\ -
i Federal Funds for Traineeships ~ NIH Trair ing
& Fellowships by Field & Fellowsaip ngs;eiidzzgl
: ' fhysical Science . Funds Relative to Graduate
Year Biloscience and Engineering Total to Total Fed- Education
Relative to Rl tqeer o8 | ALl Fields |eral Student Ald | 11ion )
Total € ;t ve to (million $) to Graduate w oa
otal ' " . .Education
1949 0.043 115.0
1950 0.072 - 108.5
1951 0.109 . 75.4
1952 . 0.189 . 48.7
1953 0.276 . 37.0
1954 / 0.319 40.4
1955 : 0.269 50.5"
1956 0.870 Jo.130 - 18.0 0.283 61.2
1957 , 0.906 0.094 40.0 0.392 85.5
1958 7 0.879 0.121 51.4 0.421 93.5
1959 0.834 0.166 ° 84.4 0.506 < 119.2
1960 0.604 0.334 159.5 " 0.491 182.8
1961 0.656 0.246 _ 227.2 0.546 ~ 241.8"
1962 0.618 0.267 258.8 0.553 267.1
1963 0.614 0.280 327.9 0.589 : 332.4
1964 0.290 0.283 389.3 0.557 ‘ 391.8
1965 0.524 0.267 To471.42 0.483 470.4
1966 0.515 0.220 577.2 0.459 577.2
1967 0.497 0.185 631.9 D.441 653.5
1968 0.494 0.185 573.6 0.502 607.1
,1969 0.512 0.209 569.3 0.516 ° 612.5
" .-21970 0.363 0.198 502.5 0.558 569.0
1956-70 .
. : Average 0.632 0.212 325.5 0.486 351.0
Standard 0.167 0.789 22173 . 0.079 < 217.%
Deviation . : AJ
Sources: Merriam, Ida C. and Skoﬁik Alfred M., Social Welfare Expenditures under

Public Programs in the U. S., 1929-66, U. S. Department of Health, Education’ *

znd Welfare, Social Security Adninistration, Office of Research and Statistics=
Research Report No{ 25, Washingtom, D. C., 1968.

NIH Almanac, Natfonal Institutes of Health, U. S. Department of Health Edu-

cation and Welfare,-Bethesda, Maryland, 1972.

®Source of data for 1965-70 weie unpublished data provided by Alfred Skolnik, SSA,
BEW. Qertain items mainly pertaining to loan programs of the Bureau of Health

Mar jower Education, NIH, were excluded from Mr. Skolnik's data to obtain the figures
shown here and to make them consistent with prior years.
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Table C4 - FEDERAL OBLIGATIONS FOR CONDUCT OF RESEARCH BY FIELD, 1956-70

Life Sciences Physical Sciences LifgcieEZZ:ical Total
Year Relative to Relative to Relati All Fields
Total : Total Relative to S
Total (million $)
1956 0.244 0.289 0.533 852
1957 - 0.316 0.284 0.600 925
1958 : 0.317 0.310 0.627 . 1079
1959 . 0.297 0.331 0.628 . 1403
1960 0.263 0.313 0.577 © 1941
1961 11070240 . 0.328 0.568 © 2620
1962 " 0.248 0.314 0.562 3273
1963 - 0.228 0.331 0.560 T 4041
1964 . 0.234 0.359 ' "0.593 4464
1965 0.240 0.351. 0.592 4854
1966 0.247 0.347 ©0.594 5271
1967 . 0.275 ' 0.331. 0.606 5273
1968 - 0.287 - 0.334 ) 0.621 5365
1969 0.293 0.317 - 0.610 5447
1970 0.280 0.325 . 0.605 6112
Average - 0.267 0.324 0.592 ° . 3528
Standard 0.030 .oz 0.027 1901
Deviation ' T

Source: Federal Funds for Research, Dev.lopment and.Other Scientific Activities,
National Science Foundation, Washingtom, D. C., Vol. XVII1I.
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Table C5 - RELATIVE MEDIAN SALARIES OF BIOSCIENTISTS, 1956-70
T

All Bibsciencés

Bioscience Bioscience Bioscience Bioscience
PhD's MA's MA's PhD's
Year TogziaiiIeFEZIds Relative to Relative to Relative to Relative. to
k : g All PhD's All MA's Bioscience BA's | Bioscience BA's
19517 0.97 1.35
1952a 0.95 1.33
1953& 0.96 1.31
1954 0.97 1.29
1955a 0.97 1.28
1956a 0.91 . 0.93 0.82 0.94 1.29
1957 0.88 0.90 0.81 0.396 1.28
19585 . 0.87 0.86 0.77 0.98 1.28
195¢ 0.88 0.88 0.78 1.00 1.28
1960a 0.89 0.90 0.78 1.00 1.28
1961 0.95 0.90 0.78 1.00 1.36
1962 1.00 0.91 0.78 1.00 1.43
19632 0.99 0.92 0.79 1.01 I 1.43
1964 0.97 0.93 0.80 . 1.04 4 1.45
119652 0.99 0.94 0.82 1.01 1.40
1966 1.00 0.95 0.84 1.00 1.39
19672 0.99 "0.95 0.83 1.02 1.44
1968 0.98 0.95 0.83 1.04 1.48
19692 0.99 0.96 0.83 . 1.04 1.48
1970 1.00 .97 0.84 1.05 1.48
1956-70
Average 0.95 0.92 0.81 1.01 1.38
Standard A
Deviation 0.05 0.03 0.04 0.03 0.08

- Source: American Science Mauoower, National Science Foundaﬁion, Washington, D. C.,
biennial editions, .955-70.

-

"%pata obtained by interpolation.
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Table C6 - MEDIAN ANNUAL SALARIES OF SCIENTIFIC AND TECHNICAL PERSONNEL .

($ THOUSANDS)

- BIOLOGICAL SCIENCE CHEMISTRY . " ALL FIELDS
Year ) .
Total PhD MA  BA | Total PhD MA  BA | Total PAD MA - BA
1951 | 5.4. 6.2 4.8 4.6 6.6 ,
1956°| 6.4 7.1 5.2 5.5| 7.1 7.8 6.4 7.1| 7.0 7.6 6.3 6.8
1957°| 6.6 7.3 5.5 5.7| 7.9 8.7 7.2 7.6| 7.5 8.1 6.8 7.2
1958, | 6.9 7.4 5.7 5.8 8.7 9.7 8.1 8.0 7.9 .6 7.4 7.7
1959°| 7.4 8.2 .4 6.4 | 9.4 10.4 8.6 8.5 8.4 9.3 8.2 8.4
1960, | 8.0 9.0 7.0 7.0 ['10.0 11.0 9.0 9.0| 9.0.10.0 5.0 9.0
1961°} 9.0 ~9.5 7.0 7.0 | 10.0 11.5 9.5 9.0} 9.5 10.5 9.0 9.0
1962, | 10.0 10.0 7.0 7.0 { 10.0 12.010.0 9.0 10.0 11.0 9.0 - 9.0
1963°| 1024 10.6 7.5 7.4 | 10.5 12.510.3 9.4] 10.5 11.5 9.5 9.5
1964 [10.7 11.2 8.0 7.7 | 11.013.010.6 9.9| 11.0 12.0 10.0 10.0
1965} 11.4 “11.8 8.5 8.4 | 11.5 13.511.1 10.2| 11.5 12.6 10.4 10.5
1966, ) 12.0 12.5 9.0 9.0 | 12.0 14.011.6 10.5| 12.0 13.2 10.7 11 0
1967“112.5 13.4 9.5 9.3 | 12,8 14.812.3 11.2| 12.6 14.1 11.4 11.5
1968 [13.0 14.2 10.0 9.6 | 13.5 15.6 13.0 '12.0| 13.2 15.0 12.0 12.0
1969® | 14.0 15.1 10.6 10.2 | 14.4 16.5 14.0 12.9| 14.1 15.8 12.8 13.0
1970 {15.0 16.0 11.3 10.8 | 15.3 17.4 15.0 13.8 | 15.0° 16.5 13.5 13
-1956-70
- DN . A V ) - .
Average | 10.2 10.9 7.0 7.8 | 10.9 12.6 10.4 9.9 | 10.6 11.7 6.8 0.9
Standard | 2.8 2.9 1.9 1.7 2.3 2.8 2.5 1.9 2.5 2.8 2.0 2.1

'Soufge: American Science Manpower, National Science’ Eoundation, Washington D. C.
i biennial editions, 1955 70.

. Science and Public Policy Manpower for Research (The Steelman Report),
The President's Scientific Research Board vol. 4, 1947, p. 39.

.

3values obtained by interpolation from the data given in the secon& source above.

bData obtained by interpolation.
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Table C7

—~ MISCELLANEQUS EXPLANATORY VARIABLES

no. 74.

Medical Education:

1
.o Probability . - : Ratio of
. of Being Medical fnnual
VA Funds Aggregate Drafted Schooi Incomes:
Year for Higher Real (# inductions/ 4 or More Yrs.
Education Disposable # classified Aoplie En- of College
Benefits Income registrants) czzts roll-. Relative to
(million $§) (billion §) - . ments 4 frs. R.S.
1950 993 26434 | 7042 1.613
1951 661 . 22379 7177 1.60,
1952 366 300.25 19920 7436 1.58
1953 249 315.23 16763 | 7425 1.572
1934 252 319.13 14678 | 7449 1.552
1955 344 342.14 14538 | 7576 1.542
1956 432 356.88 0.0082 "14937 7686 -1.52,
"1957 455 361.92 0.0101 15917 | 8014 1.58
1958 422 - 367.09 0.0067 15791 .} 8030 1.64
* 1959 348 386.37 0.0056 15170 | 8128 1.652
1960 233 395.03 0.0043 14952 | 8173 1.652
1961 146 406.70 0.0023 14397 8298 1.65
1962 83 425.28 0.0056 14381 | 8483 1.572
1963 45 440.35 1,0029 15847 8642 1.50
1964 25 469.11 0.0054 17668 | 8772 1.53;
1965 8 ,500.74 0.0034 19168 8856 - 1.55
1966 0 526.65 0.01.06 18703 | 8739 1.57
1967 216 546.30 0.0J87 18250 8964 1.56
. 1968- 334 567.37 0.0095 18724 | 9479 1.59
1969 432 - 575.23 0.0069 21117 | ~98¢3 1.59
1970 665 588.82 0.0051 26465 | 10401 1.57
1956-70 _
Average 256 460:932 0.0064 17299 | 8703 1.58
" Std. Dev. 204 83.66 0.0026 2845 743 0.05
Sources: Current Population Reports, U. Ss. Deparcment of Commerce, series P- 60

The Institutions, Characteristics and Progfaﬁs,'Assc

ciation of American Medical Colleges, Washington, D. C.
Miller, Herman P.

» January, 1973.

"Annual and Lifetime Income in Relatidn to Education:
1930-1959," The American Economic Review, vol. 50, pp. 962-985.

National Income and Product Accounts of the United States, 1929-1965,

U. S. Department of Commerce, Washington, D. C. s 1966.

Statistical Abstract of the United States, 1972, U. S. Department of
Commerce, Washington D. C.

1972,

Survey of Current Business, U. S. Deparcment of (ommerce, February and

July, 1972.

.Datl obtained by interpolation.
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APPENDIX D

ol —— semocen.
. SPECIALTIES LIST ‘
.Doctorate Records File
MATHEMATICS 4;3 guel ‘Tech., Petrol. Engr. (see also 395)
000 — Algebra 480 -~ Sanitary
010 — Analysis & Functional Analysis 486 ~- Mining

020 — Geomeury
030 — Logic .
040 — Numbyr Theory
030 — Probability, Math. Statistics
{see also 544, 670, 725, 727, 920)
060 — Topology -
080 — Computing Theory & Praciice
082 — Operations Rescarch (sce also 478)
085 — Applied Mathematics
098 — Muthematics, General
099 — Mathematics, Other®

ASTRQNOMY

101 -~ Astronomy
17,2 — Astrophysics

PHYSICS

110 — Atomic & Molecular Physics
120 — Electromagnetism
130 — Mechanics
132 —Acouslics
};; — Fluids - h 3

— Piasma Physics
136 — Optics
138 — Thermal Physics
140 — Elementary Pariicles
150 — Nuclear Structure
160 — Solid State
198 — Physics, General
199 — Physics, Other®

CHEMISTRY
200 — Analytical
210 —Inorganic
220 — Organic
230 — Nuclear
240 — Physical
-+ 250 — Theoretical
260 — Agricultural & Food
270 — Pharmaceutical
275 — Polymer Chemistry
298 — Chemistry, General
299 — Chemistry, Other®

EARTH SCIENCES

301 - Mineralogy. Petrology L

305 — Geochemistry

310 — Stratigraphy, Sedimentation

320 — Paleontology

330 —-Structural Geology

340 — Geophysics (Solnd Earth&
Atmospheric)

350 — Geomorph., Glacial Geology

360 — Hydrology

370 — Oceanography

380 — Meteorology

391 — Applied Geol.. Geol. Engr..
Econ. Geol.

395 — Fuel Tech.. Petro!l. Engr. (see also 479)

398 — Earth Sciences. General-

399 — Farth Sciences, Other®

ENGINEERING

400 — Acronautical & Astronautical
410 — Agricultural
415 — Biomedical En;meenng
420 — Civil
430 — Chemical
435 — Ceramic

. 440 — Electrical
448 — Electronics
450 — Industrial
455 — Nuclear Engineering
460 — Enginecring Mechanics
465 — Engineering Physics

. 470 — Mechanical

475 — Metallurgy & Phys. \Iel Engr.
478 — Operations Rescarch (s¢e alvo 1182)

-

@ [dentify the specific Seld In the space provided oo the

. 571 — Entomology'

497 =~ Materials Science Engr.
498 — Engmeenns General
499 -TEngmee.mg. Other*

NVIRONMENTAL SCIENCES
$89 —! Environmental Sciences®

LGRICULTURAL SC(EN CES

500 — Agronomy

501 —- Agricultural E\.onomlcs
502= ’Kmmal Husbandry

503 — Hood Science & Technology
504 — Bish & Wildlife -

510 — Anjimal Sciences
511 — Phytopathology
518 — Agriculture. General
519 —Ag?culture. Other®

IIEOICAL SCIENCES
52) — Medicine & Surgery

" 572 — Publig Health

$23 = Veterinary Medicine,

524 — Hospjtal Administration ™
527 — Parasftology

534 — Pathology

536 — Pharnjacology

$37 — Pharmacy

538 — Medical Sciences, General~,,
539 —- Medica! Sciences. Other®

3 -

BIOLOGICAL SCIENCES
540 ~— Biochenyistty -~~~
542 — Biophysics
544 — Biomelrics. Biostatistics

{see-also 050 670, 725,727, 9"0)
545 — Anatom:
546 — Cylologyls
547 — Embryology
548 — Immunoldgy
550 — Botany

gY.
562 — Hydrobioldgy
564 — Microbjology & Baclenology
566 — Physiology, |
567 — Physiology,
569 — Zoology
570 — Genetics

572 — Molecular Blology
578 — Biological
579 — Biological Sclences, Other®

PSYCHOLOGY

600 — Clinical
610 — Counseling & Guidance
620 —- Developmental & Gerontological
630 —;:cuuuunondl
635 — School Psychology
541 = Experimental \ \
642 — Comparalive
643 — Physiological | -
650 —— Industrial & Pefsonnel
660 — Personality
670 — Psychometrics |

(see also 050, 534, 725, 727. 920)
680 — Social
698 — Psychology, Geperal
699 — Psychology, Other®

S80CIAL SCIENCES
700 — Anthropology |
708 — Cnmmumcauonr
710 -- Sociology

720 — Economics (xee also 501)
725 — l:n.onomelncs

{see als0 050, 544. €70, 727, 920)

1.‘%

727 — Statistics

(see also 050, 544, 670, 725, 920)
740 — Geography
745 — Area Studies®
750 — Potitical Science. Public Adatin.
755 == International Relations

"770 — Utban & Reg. Planning

798 — Social Sciences, General

. 799 — Social Sciences, Other*

ARZS & HUMANITIES
801 — Art, Applied
802 — Art, History & Cnu::sm
804 — Hmory. American
805 — History, European

- 806 — History, Other®

807 — History & Philosophy of Sciznce
‘830 — Music
831 — Speech as a Dramatic Art
(sce also 885)
R32 — Archeology
833 — Religion (see also 881) .
834 — Philosophy -
835 — Linguistics
878 — Arts & Humanities, General
879 — Arts & Humanities, Other®-

LANGUAGES & LITERATURE
811 — American
812 — English
82] — Gerrpan
822 — Russian
823 — French’
824 — Spanish & Portuguese
826 — ltalian
827 — Clussical®
829 — Othcr Languages®

EQUCATION
900 — Foundutions: Social. Philosoph.
910 — Educational Psychology
908 — Elementury Educ.. General
909 — Secondury Educ.. Gencral

. 918 — Higher Education

919 — Adult Educ 2 '_'slennon Educ.

820 — Educ, Mea . & Stat,

929 — Curriculur. & Instruction

930 — Educ. Adiiin. & Sugerv.

940 — Guid.. Couns., & Siudent Pers,

950 = Eperml Education (Speech,
ifted, Handicapped, etc.)

: 960—Audxo-Vuual Media

-~ TEACHING FIELDS
970 — Agriculture
972 - An
974 — Business |
976 — English
978 — Foreign Langrages
980 — Home Econonsics
982 — Industrial Arts
984 — Mathematics .
986 — Music
938 — Phys. Ed.. Health, & Recrcauon
990 —- Science Educ.
992 — Social Science Educ.
994 — Vocationa: Educ.
996 — Other Teaching Fields®

998 — Education. General
999 — Education, Othcr®

OTHER PROFESSIONAL FIELDS
881 — Theolagy (see alvo 833)
882 — Business Administration
883 — Home Economics
884 — Journalism - :
885 — Speech & Hearing Sciences
386 — Law, Jurisprudence
887 — Social Work
891 — Library & Archival Science
897 — Professional Field. Other®

89y -~ OTHER FIELDS®
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some additional tests of the bioscience and physical science, equations
were run. Hypotheses were sut up to see if the bioscience explanatory
variables used in the.model could provide as good a4 fit to the physical
science and engineering dependent variables, and conversely, if the
explanatory variables in physical science and englneering provide an
equally good fit to the bioscienee dependent variables. If this inter-
change' of explanatory,variables were to; provide: satisfactory relation-
ships in both cases, then one-would suspect that the explanatory variables
in the model do notreally‘represent the causal factors for the effects
they are attempting to explain, siace they work equally well for a
different set of effects., However, as the results show, when the
~variables are interchanged, their explanatory power deteriorates signi-
ficantly. Under hypothesis I (that the bioscience explanatory variables
could explain the behavior of the. phy51cal science enrollments and
degrees), the average R2 for the physical science equations drops from
0.96 in the model to 0.55, with seven non-significant variables and
seven illogical signs. Under hypothesisi II (that the physical sciemnce
‘explanatory variables could explain the bioscience enrollments and
degrees) the average R? for the bioscience equations drops .from 0.87
~in the model to 0.73, with twelve non-51gnificant vartables and six
with illogical signs.

In summary, it would appear that the methodology used to generate
the equations in the model gives results which are at least as defensible
as any of the alternatives examined here. This certainly does not mean
that no better explanations for the behavior of the dependent variables
can be found. |There are always problems with the accuracy and'con- '
sistency of the data; certainly so = of the variables were estimated
very crudely. [Perhaps important v: ‘iables were not included in the
analysis, or the variables should have been structured differently.

The fact that the analysis deals with time series ‘data leads to problems
of autocorrelation, for which nc correction was made, and the handling
of the lagged variables could certainly be improved upon. Verlficatlon
of the results should be attempted with cross-sectional data. If the
model were to be developed further, these problems would have to be

142

S 1178



/ .
Median income of to BA's , l
\ PhD & MA Chemists {SPHDCH/SBACK) .53 (:79) « -,06 .46 .19 .76 245 (.74) (.59) @
relative to BA MA's relativd . . N |
Chemists ‘to BA's o -
(SHACK/SBACH) -.14 | .52 -.66 | .35 -.49 | .50 | -.16 ! .47
! \
\

Faculty salaries relative

— 4

to median professional

tocome F/sTL) | .20 | -L01 .50 | .69 w2 | .20 w | 23| 2
/ . ;
‘ R L ' -85 | .17 -9 Cee | .2 ! | .48
NIH Traineeship and SN i -l ol -3 103 293 ;40 ' :
Follovship sppropriations (NIHTF/sack) ¢ 172 .| 2% -.36 -.14 i -2 @3,
rélative to total student 1-3 | -.08 . £6D -3 | (@B 1 -.m .00 0 8O
aid to graduate educatiom ' : .
, : - Potee | -2e 1 (3D -0 | @B =36 4 -2 |
L otes | -387] e -.83 | .49 -0 1 |- | BD| @D
[ - . W ——— L 4 i N > e [p——. . -—_-———- T m——— —— Lt em—— e - R s -
Federal traineeship and l
fellovship expenditures : .
{n physical science snd [ 1-1 L3 @ .22 @ -.01 | C8d J% '
engineering relative - N J — .
total federal tralueeship (TFPE/TFTL) 1-2 .08 | (50 -3 | (3D -20 | (o8 2 (8D (83
& fellowship expenditure. ([ 1-3 -.22 .19 I.4s @ -.40 L3 -ile ] .36 i
Federal traineeship and ’ ' K‘ o~ L
fellovship expenditures . 7 1-1 238 | =47 'l .83} | ~.56 Ji 1 -.56 38! -89 -.68
in bioscience relative to ) e UG N '
total federal traineeship (TFBI/"T}’) < i-2 .52 1 ~.01 \7364 -.29 -89°1 -.08 252 ‘\ -1 =.59
& fellowship expenditures . NS I IENCTAN IS LR TN B Ced>| .26 (.63)'\.26 -89
—_— T T N
Federal funds for ~eesadrch | . ] | A |
in the physical scleptes (FRPH/FRTOT) ! ' )
relative to total tﬁeul { - . . . _
research BERENNIY =38 77§ -5, .80 2 38 33 e
“ 1
Rediesl school applicants  (MEDAPP) -9 -’ -85 -.32 ] -.90 -.65° . I 76 13t -69
7 Al T - . =
Total federal funds for . I i . [ ' .
resesrch (FRTOT) -7 s N NPT Ce ws T (e GT0
NIH trainine grants rela- - '
tlve to toral student atd  (NIHIG/SACEY H ’
]

tu graduate educatlion ! C??D @ 21 .28

N .

Circled values Indicate slunlx’l%n: verrelations with the loatenllv correct strn.

The subscript 1 is used to denote the value of the varisble in the ith Yyear.
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